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FURTHER STUDIES ON THE AGGLUTINATION REACTION 
IN CHRONIC ARTHRITIS* 

By EDITH E NICHOLES and WENDELL J STAINSBY 

{From the Department of Uedtane of Cornell Vnioerstty Medical College, the Second 
(Cornell) Medical Division of Bellevue Hospital and the New York Hospital 
New York City) 

(Received for publication November 30 1932) 

The present authors (1), collaborating with Cecil, reported, in 1929, 
the isolation of streptococci from the blood and joints of patients having 
rheumatoid arthntis A large percentage of the organisms thus recovered 
were culturally and biologically similar, and presented the appearance of 
hemolytic streptococci on blood agar plates For convenience, these 
organisms were designated as “typical strains " 

In later communications the authors reported, with Cecil (2), and 
alone (3, 4), that the serums of a high percentage of patients showing 
well developed signs of rheumatoid arthntis gave strong agglutination 
reactions with “typical strain” streptococa The same serums gave 
positive agglutination results with a few hemolytic streptococci from 
sources other than arthntis, but whenever such reactions took place the 
oiganisms were culturally and biologically indistinguishable from “typical 
strain" streptococci With other bactenal antigens, however, including 
indifferent and green producing streptococci, pneumococa, staphylococci 
and colon bacilli they gave little or no agglutination Likewise, negative 
or insignificant reactions were obtained when the serums of a large number 
of normal individuals and of patients with other diseases were tested for 
agglutinations with “typical strain” streptococci Among these control 
serums were 79 from rheumatic fever and 16 from osteoarthntis As a 
result of this study, the authors concluded that the serums of a high 
percentage of patients with rheumatoid arthntis gave strong agglutination 
reactions with a biologically specific type of hemolytic streptococcus 
Gray and Gowen (5), and Dawson, Olmstead and Boots (6) have in the 
mam confirmed these observations 

THE PRESENT STUDY 

In order to obtain further information concerning this phenomenon, 
routine agglutination tests were earned out with "typical strain ’ AB13 
on the serums of all patients admitted to the arthntis department of the 

* This study was earned on with the technical assistance of Edith L Ross, 
Edna H Lindsey, Edith M Kirkpatrick, and Elnora B Carmichael 
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Cornell Ciinic during a t\\o-year penod These tests were repeated, 
^\ hen possible, at intervals throughout the patient’s period of observation 
The purpose of this paper is to present an analysis of the findings in this 
study Unless otherwise stated, all agglutination results reported refer 
to those at the time of the patient’s first visit to the Clinic 

Seven hundred and thirty-three cases are included — a few had to be 
discarded either because a diagnosis could not be made or because the 
patients were suffering from diseases other than arthritis The madence 
of each disease is given in Table 1 

TABLE 1 

Tabulalwn of diseases studied 


Disease Number of cases 

Rheumatoid arthritis 613 

Ostearthntis 44 

Monarticular arthritis 41 

Rheumatic fever 14 

Gonococcus arthritis 16 

Gout 4 

Intermittent hydrarthrosis 1 


Total 733 


AGGLUTINATION TECHNIC 

The method of performing the agglutination test was similar to that 
previously desenbed (3) and so need not be evplamed in detail No 
dilutions tv ere made beyond 1 5120 Each test was controlled with a 
serum that was known to possess no streptococcus agglutinins and with 
a tube containing 0 5 cc of broth and 0 5 cc of culture All agglutina- 
tions were heated in a water bath at 56° C for two hours The tubes 
were then placed in a refrigerator and readings were made the following 
morning The last dilution in which definite clumping of the bacteria 
could be detected by the naked eye was recorded as the agglutination 
titer 

The agglutination tests on each specimen were carried out on two 
consecutive days and if the readings thus obtained did not correspond, 
the procedure was repeated until the titer was accurately ascertained 

Occasionally the antigen show’-ed a tendency to become granular 
This proclmty w^as usually overcome by daily transferring the culture to 
fresh blood broth mediums over a period of several days Subculturmg 
in broth contaimng 0 2 per cent disodium hydrogen phosphate, in place 
of the 1 5 sodium chlonde, was also found to encourage diffuse growth of 
the organisms 

RHEUMATOID ARTHRITIS 

Si\ hundred and thirteen patients were diagnosed as suffering from 
rheumatoid arthritis — none w'ere included m this group who had symp- 
toms in one joint only 
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For convenience, the patients were allotted to one of three groups, 
according to the degree of joint involvement The first group includes 
those who complained of pain in the joints, but failed to show any 
penarticular swelling, the symptoms were usually migratory in character 
and tenderness was frequently found The second group is compnsed of 
those who presented the usual picture of rheumatoid arthntis with charac 
teristic penarticular swelling, generally including fusiform fingers The 
third group is similar to the second, but is made up of patients who were 
in a more advanced stage of the disease — deformities such as ulnar devia 
tion, and partial or complete ankylosis of one or more joints charactenze 
this group These three groups are indicated by +, + + , and + ++, 
respectively, and the number and percentage of patients in each group are 
shown m Table 2 


TABLE 2 

Tabidation oj paUenls vnth rheumatoid arthritis 


Group 

Number of patients 

Per cent 

4‘ 

310 

50 6 

+ + 

241 

39 3 

+ 4 * + 

62 

101 

Total 

613 

100 0 


In several tables and figures reference is made to mean agglutination 
titers These group averages are computed by multiplying each figure 
representing a dilution of serum by the number of serums agglutinating 
at that titer, adding these products and dividing the sum by the total 
number of serums included in the group 

In order that insignificant information be not included in the tables 
and figures, titers of 1 20 and 1 40 have been recorded as negative 

Relation of incidence of disease to age of patient 

In Figure 1 the age incidence of patients belonging to each of the 
three groups (+,+ + ,+ + +) is indicated Only one patient under ten 
years of age was seen with rheumatoid arthntis, and only seven, in the 
second decade of life, while there was a sharp falling off after sixty years 
of age That rheumatoid arthritis is chiefly a disease of middle life is 
clearly shown in Figure 1 The small proportion over 60 years of age 
may be due in part to the failure of patients at this age to seek medical 
advice, but no such reasoning is applicable to the low incidence in patients 
of twenty years of age or under It must, therefore, be concluded that 
rheumatoid arthritis is a relatively rare disease during the first two dec 
ades of life While the three curves are nearly parallel, there is a distinct 
tendency in the + group to mark its maximum incidence at an earlier 
age than do the others 
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Fig 1 Relationship of Incidence of Disease to Age or Patients in 
Rheitmatoid Arthritis (613 Cases) 

Relation of agglutination titer to degree of joint involvement 
In a previous study of agglutination reactions with rheumatoid ar- 
thntis serums a selection of patients with marked joint involvement was 
used Of Ihe 110 serums then evarmned, 93 6 per cent showed definite 
agglutination to a titer of 1 640 or more (3) In the present study of 
613 cases all stages of rheumatoid arthntis are represented In Figure 2 


PCtjCCiST 
cr CAjU 



Fig 2 Relation of Degree of Joint In\ol\ement to 
Total Agglutination (613 Cases) 
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IS indicated the total agglutinations for each of the three groups The 
highest degree of agglutination was found in the class with advanced 
rheumatoid arthntis (+ ++), while a distinctly higher agglutination was 
found in the moderately advanced group than m the mild cases without 
swelling (+) From these results it is evident that, on an average, the 
more advanced the joint involvement, the higher the titer of agglutination 

Relation of agglutination tiler to duration of disease 
The agglutination titer in rheumatoid arthntis with relafaon to the 
duration of the disease is indicated in Table 3 and Figure 3 In 8 cases 
of disease duration of one month or less there was not the slightest evi- 
dence of the presence of agglutinins In 45 cases of disease duration 


TABLE 3 

Results of agglutination tests in rheumatoid arthritis in relation to duration of disease 


Duration 

1 1 

Caaea j 

1 

Nee 1 
atlvc 

Titer of assluttnation 

Mean 

titer 

1 80 

1 160 

1 320 

1 640' 

1 1 12S0| 

1,2560' 

1 1J120 

One month or under 

■i 

8 





1 



0 

Over 1 month to 3 months 

■a 

30 

6 

5 

2 

1 



1 

1 171 

Over 3 months to 6 months 

66 

31 

5 

6 

5 

11 

3 

2 

3 

1 520 

Over 6 months to 1 year 

92 

49 

14 

4 

9 

8 

1 

3 

4 

1 426 

Over 1 year to 3 years 

126 

62 


S 

12 

16 

8 

n 

6 

1 591 

Over 3 years to 5 years 1 

88 

42 

11 

8 

S 

9 



3 

1 486 

Over S years 1 

188 

US 

7 

13 

13 

ii 

H 

B 

9 

1482 


AGCii.UTtNA'T ON 
Ti-rcR. 



Fig 3 Mean Agglutination Titer in Rheumatoid Arthritis 
IN Relation to Duration of Disease (613 Cases) 
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from one to three months the highest agglutination titer recorded nith 
one exception \\ as 1 640 and the mean \\ as 1 171 In the group haMng 
the disease from three to six months, 3 showed an agglutination titer of 
1 5120, while the average w'as 1 520 In the groups covering a disease 
duration of over six months little xariation wms noted, the line on the 
graph closely approaching a straight one A similar analysis, employing 
only cases m groups -}-+ and + + + i revealed a curve similar to that 
wlien all three groups were used 

From these results it is evident that it takes six months, on the average, 
for a patient to de\elop hemolytic streptococcus agglutinins to the maxi- 
mum titer, but that aside from tins initial period the duration of the 
disease plays no important part in the strength of the agglutination re- 
action Dawson, Olmstead and Boots (6), reporting a senes of 153 cases, 
stated that the agglutination titer increased with the duration of the 
disease Our findings do not confirm this conclusion 

Relation of agglnhnahon titer to age of patient 

In Table 4 and Figure 4 the results of the agglutination tests m rheu- 
matoid arthntis are arranged in relation to the age of the patients A boy 
of seven wath moderately advanced rheumatoid arthritis w\ts the only 
patient under 10 years of age seen in the arthritis clinic IIis serum 


TADLC 4 

Results of aggluttuation tests in rheumatoid arthritis in relation to age of patient 


Arc 

Cases 

Ncg 

alive 

Titer of nrKlutInation 

Mean 

titer 

1 SO 


l 320 

1 640 

1 1280 

1 2560 

1 5120 

^cars 










■mi 

Under 10 

1 





1 




mu 

10 to 19 

7 

4 

1 



2 




lilrll 

20 to 29 

62 

34 

8 

3 

4 

4 

2 

2 

S 

WliM 

30 to 39 

129 

64 

18 

9 

9 

9 

9 

7 

4 


40 to 49 

184 


WEE 

12 

16 

21 

3 

5 

9 


50 to 59 

174 

94 

12 

15 

13 

19 


6 

6 

1 444 

60 to 69 



4 

2 

3 

5 


3 

1 

1 403 

70 or o\cr 

6 

3 



1 

1 

I 





showed an agglutination titer of 1 640 with “typical strain” strepto- 
coccus AB13 There were but 7 patients between ten and nineteen years 
of age — serums from 2 of these ga\e an agglutination titer of 1 610, 

from 1 a titer of 1 SO, and from 4 there were negative findings, with a 
mean agglutination titer for the group of 1 194 The age period cov'er- 

ing the third decade ga\ e, on an av erage, the highest titer of agglutination, 
while in the penods following there was a slight gradual drop all the way 
to the last group which included patients seventy years of age or older 
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Dawson, Olmstead and Boots (6) reporting a sharply progressive in 
crease in the median agglutination titers of patients in the third, fourth 
and fifth decades, concluded that "the property of rheumatoid arthritis 
serum responsible for the agglutination of hemolytic streptococci is 
definitely related to the age of the patient ” Our results do not 
agree with their findings When, however, groups +, ++ and + + + 
of our series are plotted individually, group +++ tends to show in- 
creased titers of agglutination in the fourth, fifth and sixth decades It 
seems probable then that the senes of cases reported by Dawson, Olm- 
stead and Boots is preponderantly made up of cases corresponding to 
those in group -1- 4- of the present series In the opinion of the \\ nters, 

a more accurate impression of the relation of age to the titer of agglutina- 
tion can be obtained from the study of the disease as a whole than from an 
analysis of certain of its phases 

ACOWOTmiCTtON 

TltCR 



A*c. m otCAOM 

Fig 4 Mean Agglutination Titer in Rheumatoid Arthritis in Rela 
TioN TO Age of Patient (606 Cases Between the Ages of 10 and 69) 

In the present series, the number of patients in the first, second and 
eighth decades of life is too small to draw any definite conclusions con 
cermng their agglutination reactions with "typical strain” streptococa 
It seems probable, however, that in patients under twenty years of age the 
agglutination titer averages lower than in patients over that age This 
impression receives support by the findings in a study of agglutinins in the 
serums of six patients in Bellevue Hospital suffering from Still's disease, 
a condition accepted by many as rheumatoid arthritis in early childhood 
Although the same technic was earned out, negative results w ere obtained 
in each case It is doubtful if a lower titer in patients under twenty > ears 
of age has any significance because dunng that penod rheumal 
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thntis IS uncommon and \\hen it does occur it assumes atypical forms, 
frequentlj resembling rheumatic fever 

In summing up the relationship of the age of the patient to the ag- 
glutination titer, one is led to the conclusion that m ith the possible e\- 
ception of the first two decades of life the age of the patient plays no 
important role in the strength of the agglutination reaction 

Relation of agglutination liter to time of year 
Clinically, it is generally recognized that in temperate climates patients 
w ith rheumatoid arthritis are usually at their w orst in cold w eather and at 
their best in hot weather In order to ascertain if there is any seasonal 
variation in the agglutination titers in this disease Table 5 w^as prepared 


TABLE 5 

Rcsulls * of agghilinalion tests in rheumatoid arthnlts in relation to season of year 


Sca'on 

Ca<cs 

N’ce 

atuc 

Titer of agKlutination 

Mean 

titer 

1 80 

1 160 

1 320 

1 640 

1 1280 

1 2560 

1 5120 

\Mntcr 

98 

33 

12 

8 

9 

17 

8 

7 

4 

1 660 

Spnng 

79 

30 

3 

4 

7 

16 

3 

5 

11 

1 1074 

Summer 

46 

30 

3 

2 

1 

4 

1 

2 

3 

1 548 

4utumn 

80 

35 

4 

6 

12 

7 

4 

■■ 

5 

1 728 


* Total of 303 cases — groups -f--f and -h-h-b only 


Cases of arthntis in groups ++ and -}--f+ w'ere selected as patients in 
the more adv’^anced stages appeared to show the greatest seasonal varia- 
tion In the table, "Winter" is used to designate the period from January 
1 to March 31 , “Spnng,” from Apnl 1 to June 30, "Summer,” from July 1 
to September 30, and "Autumn,” from October 1 to December 31 The 
findings are interesting The mean agglutination titer of 79 patients 
studied in the spnng w^as 1 1074, while that of 46 studied in the summer 
was only 1 548 The mean titers dunng the autumn and winter w^ere 

1 728 and 1 660 respectively Due to the small number of cases in 
this senes and the distnbution of the agglutination titers entenng into 
the means, the degree of probability of chance occurrence of the differences 
between the means is too high to warrant any definite conclusions 
Nevertheless the results are at least suggestive that on the average the 
agglutination titers are higher in the spnng and lower in the summer than 
at other seasons of the year 

Relation of titer of agglutination to clinical changes 
Initial agglutination tests on all patients w ere refloated at irregular 
intervals throughout each penod of observation Condensed protocols of 
those subjected to the test four or more times appear in Table 6 The 
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findings on one patient who had but three examinations were included 
because of their speaal interest 

Patients 1 to 15, inclusne, showed no appreciable change in clinical 
condition throughout the observation period In these cases the titers of 
agglutination evidenced a strong tendencj-- to remain at a constant level 
In contrast to the findings on the fifteen patients mentioned are those 
of patients 16 to 28 who showed definite clinical improvement, sometimes 
with complete recovery In this group the serums tended either to ag- 
glutinate at lower levels or else to completely disappear, but generally the 
strength of the agglutination did not show- signs of diminishing until some 
weeks or months after the patient began to improve clinically Patient 
19 illustrates this proclivnty very well This patient with a history of 
polyarthritis of only ten w'eeks standing, whose illness was running a 
subacute course, presented the typical features of rheumatoid arthritis at 
the time of his first visit An agglutination test at that time (December 
20, 1930) gave negative results The patient showed constant improve- 
ment dating from the time of his first visit and w'as entirely free from 
signs and symptoms on Januarj' 13, 1931 In spite of this clinical im- 
provement, the agglutination titer continued to nse for one month and 
only began to fall after the patient was entirely free from signs and 
symptoms of the disease 

Patient 23, v\ith a more chronic form of the disease, illustrates the 
same process With a history of rheumatoid arthritis of three years 
duration she showed marked improvement from the Spring of 1931, yet 
it w as several months before the agglutination titer began to dimmish and 
not until one year later that the agglutinins disappeared completely 
Patients 29 and 30 illustrate the tendency of the agglutination titers 
to nse and fall with changes in the clinical condition At their first visit 
both of these patients presented the picture of a very mild and early 
rheumatoid ardintis While under treatment their conditions gradually 
became very much w'orse, wnth a definite increase in the agglutinin content 
of their serums At a still later penod the arthntis show ed definite abate- 
ment, which condition was followed by a diminution of streptococcus ag- 
glutinins in the serums, evndenced by a lower agglutination titer 

In summing up the results of repeated agglutination reactions in rheu- 
matoid arthritis, it is apparent that the agglutinin content in the patient’s 
serum is related to his clinical condition, tending to increase gradually 
during the dev^elopment of the disease, and to decrease gradually w ith the 
recovery of the patient There seems also to be considerable individual 
vanation in the time required for clinical change to be manifested m the 
agglutination reactions 

OTHER rORMS OP ARTHRITIS 

The results of agglutination tests in other forms of arthritis seen during 
the penod of this study are presented in Table 7 
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TABLE 7 


Results of aggluttnalson tests tn other forms of arthritis 


Disease 

1 

Neg 

ative 

Titer of agglutination 


lao 

l 160 

1320 

164q| 

1 lisoj 

llSdoi 

1 512 o| 

Ostearthritis 1 

38 

6 






1 

44 

Monarticular arthritis 1 

33 

4 

1 

2 

1 



1 

41 

Rheumatic fever ^ 

11 

1 

1 

1 





KB 

Gonococcus arthritis ' 

14 

2 








Gout ' 

4 







i 

Wm 

Intermittent hydrarthrosis 

1 1 


■ 






1 1 


Forty four patients were diagnosed as suflfenng from ostearthritis — 
special care being taken not to confuse true ostearthritis with rheumatoid 
arthritis showing secondary ostearthntic changes All of these patients 
were over forty years of age and not one serum of the 44 gave an agglu 
tination reaction to a titer higher than 1 80, while 38 were completely 
negative 

In the group classified as monarticular arthritis are included, for con- 
venience, cases of spondylitis Probably some of these 41 cases were of 
infectious origin of the rheumatoid arthntis type, but because of the un 
certainty of diagnosis they were segregated in this way, 33 gave negative 
results to agglutination tests, while the highest titer recorded by the 
remaining 8 was 1 640 

Fourteen patients suffered from rheumatic fever Eleven gave nega- 
tive agglutinations, while the highest titer recorded was 1 320 

Sixteen cases of gonococcus arthritis were seen A diagnosis made 
from the history of the association of gonococcus urethritis with the onset 
of joint symptoms was frequently confirmed by positive findings in a 
complement fixation test The highest agglutination recorded for this 
group was at a titer of 1 80 

Four cases of gout and one of intermittent hydrarthrosis gave com- 
pletely negative reactions 

summary and discussion 

Seven hundred and thirty three patients with chronic arthritis were 
studied by agglutination tests with “typical strain” streptococcus AB13 

In this aggregation rheumatoid arthritis was the predominating dis 
ease, as 613 of the patients were suffering from that affection The age 
incidence in this group was an interesting feature Only one patient 
under ten years of age was seen and there was a gradual increase up to and 
including the sixth decade, following which there was a sharp drop The 
maximum incidence of patients without joint swelling occurred at a some 
what earlier age than the highest number with joint swelling 
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A preMOus article b} the present authors showed that the serums of 
a high percentage of selected patients with well-developed rheumatoid 
arthntis gave strong agglutination reactions w ith a specific type of hemo- 
Ijtic streptococcus In the present study, all types of rheumatoid ar- 
thritis are included and a more detailed anal3'sis of the results has been 
made 

Apparently, the degree of joint involvement is an important factor in 
the strength of the agglutination reaction, as the tests proved that the 
more marked the joint involvement, the higher the agglutination titer 
Moreover, as the amount of joint involvement is generally considered to 
be commensurate with the seventy of the disease, it does not seem unfair 
to assume that as the arthntis increases in severity more evidence is found 
of streptococcus agglutinins in the serum 

An analj’^sis of the agglutination reaction in relation to the duration of 
the disease reveals the fact that it takes several weeks following the onset 
of the disease for the streptococcus agglutinins to become apparent in the 
serum, and that the maximum titer is not obtained until an average of six 
months has elapsed Except in this relation, the duration of the disease 
appears to play no important role m the agglutination phenomenon 
The age of the patient, likewise, showed little effect on the strength of 
the agglutination reaction An exception must be made, however, in the 
first two decades of life Although one patient seven years of age gave 
a definite agglutination to a titer of 1 640, the tendency w'as for the titer 
in subjects of this age to be weaker and more irregular As has already 
been pointed out, little significance can be attached to this observation 
because such patients seldom manifest the typical clinical picture of 
rheumatoid arthntis, their signs and symptoms frequently resembling 
those of rheumatic fever, a disease that does not give positive results in 
tests with "typical strain” streptococci 

Of particular significance are the findings in patients subjected to re- 
peated agglutination tests extending over a period of months or years 
The results of these tests are remarkably consistent as the serums of 
patients in whom the disease appears to be stationary continue to give 
similar agglutination titers throughout the penod of observation In 
patients fortunate enough to show marked improvement or complete re- 
coverxN on the other hand, the streptococcus agglutinins either dimmish 
or completely' disappear from the blood Sometimes this is accomplished 
in a few w eeks, sometimes it takes months or even y ears 

With the information at hand concerning the agglutination reaction 
in rheumatoid arthntis, it would seem justifiable to consider the nature 
of this phenomenon Unfortunately, we do not have a chronic disease 
that affords a companson and must, perforce, compare it with an acute 
disease, such as ty phoid fev er In ty phoid the Widal reaction is con- 
sidered to be an immunological one Following the onset of the disease. 
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there is a definite interval of several days before a positive typhoid ag 
glutination can be obtained In the succeeding days or weeks the 
strength of the reaction tends to increase, while on recovery of the patient 
it slowly diminishes and m the course of several months or years even 
tually disappears In rheumatoid arthritis a similar situation exists The 
only essential factor in which it differs from that in typhoid fever is the 
time element In typhoid the agglutination changes are apparent after 
penods of days — in arthritis, after periods of weeks or months This 
would seem to be a natural disparity between the processes in an acute 
and a chronic disease Although not irrefutably proven, these findings 
afford strong evidence that the presence of streptococcus agglutinins in 
such high titers is a true immunological response to a bacterial invader 
similar in all essential respects to that seen in typhoid fever 

In contrast to the positive results obtained from agglutination tests 
in rheumatoid arthritis are the negative results in ostearthntis, gonococcus 
arthritis, rheumatic fever, and gout A knowledge of this reaction is of 
practical value in differential diagnosis A positive reaction at titers of 
1 320 or higher is indicative of rheumatoid arthritis but the reverse does 
not hold true because a small percentage of patients even though they 
present the typical picture of rheumatoid arthritis have serums that give 
negative agglutination results with ‘‘typical strain” streptococa 

CONCLUSIONS 

1 A high percentage of patients with rheumatoid arthritis give posi 
tive agglutination reactions to a speafic type of hemolytic streptococcus 

2 In patients with advanced joint involvement higher average titers 
are obtained than in those with less involvement 

3 The duration of the disease and the age of the patient play unim- 
portant roles in the strength of the agglutination 

4 Following the onset of the disease, there is a gradual increase in the 
agglutination titer which reaches its maximum in 6 months, on the aver- 
age, while following recovery of the patient the agglutinins tend to 
dimmish and eventually to disappear 

5 This reaction of serum m rheumatoid arthntis appears to be a true 
immunological response 

6 Other forms of arthntis do not give positive results in agglutination 
tests with typical strain streptococci 
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In a previous article (1) an attempt was made to correlate the findings 
m the gastric juice of patients having pernicious anerma with the clinical 
condition of the patients, the degree of central nervous system involvement 
present, and the maintenance dose of liver extract Little or no corre- 
lation could be found , therefore, this study of the duodenal contents of 
patients having pernicious anemia was undertaken The work of Castle 
and his assoaates (2) also indicated that additional studies on the diges- 
tion of proteins in cases of perniaous anemia should be earned out 
Ehrmann and Lederer (3) (1908) were the first to desenbe the results 
of duodenal analyses in cases of achylia gastrica, normal or slightly higher 
values being found by them Einhom (4) (1910) reported the results of 
the examination of 7 cases of achylia gastrica, in which 4 had normal 
trypsin values, 1 a low value, and 2 a complete absence of trypsin In 
1914 he reported (5) two cases of achylia gastnea with chronic pancreatitis 
in which there was an absence of trypsin but in which the other duodenal 
enzymes were approximately normal He found (6) high enzymatic ac- 
tivity in the duodenal contents of 3 other cases with achylia gastnea, 
in 1918 

Crohn (7), in 1913, recorded a case of gastric achylia in which there 
were normal amounts of all duodenal enzymes except pancreatic rennin 
In 1915, he (8) stated that "in my present series, consisting of over 120 
cases, 103 cases are regarded as presenting normal pancreatic function, 
these include many pathological conditions, gastric lesions, benign and 
malignant, achylia gastnea, organic syphilis, exophthalmic goitre, second- 
ary and pnmary anemias, malignant growths of vanous organs, diabetes 
melhtus, etc ” Chace and Myers (9), m 1913, reported 1 case of 
pernicious anenua and 3 other cases of achylia gastnea in which there 
were normal amounts of duodenal enzymes White (10), in 1916, studied 
another case of pernicious anemia and 3 other cases of achylia gastnea, 
all four having normal or high pancreatic enzyme values In 1922, 
McClure and Jones (11), after studying two cases of perniaous anemia in 
severe relapse and two other cases of achylia gastnea, concluded that "in 
achyha gastnea and perniaous anemia no abnormalities in activity of 
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the external secretory function of the pancreas were demonstrable, as 
measured by the enzyme determination of the duodenal contents ” In 
1922, Roth and Sternberg (12) reported 6 cases of achjha gastnca in 
w hich the pancreatic enzymes w ere present Kahn (13) also, in 1 923, de- 
scnbcd one case of sprue w ith gastric and pancreatic achylia The pan- 
creatic achyha disappeared on proper diet, although the gastnc achylia 
persisted McClure, Montague, and Mortimer (14), in 1924, found 
another case of achylia gastnca m w'hich the pancreas functioned normally 
both as to enzymes and alkaline fluid Silverman and Denis (15), 
in 1924, observ'ed one case of achyha gastnca w ith approximately normal 
duodenal enzymes Piersol and Bockus (16) recorded the findings in 3 
cases of achyha gastnca in 1925 In ti\o of these cases there w-as a 
rather low tiy^psin activity, w'hile, in the third, trypsin w'as absent in one 
examination and present in a higher percentage than normal in another 
Landau et al (17), in 1926, reported 4 cases of pernicious anemia in w'hich 
there w^as both gastric and pancreatic achyha By 1929 Landau and 
Glass (18) had collected 9 cases of pernicious anemia wnth both gastnc 
and pancreatic achyha (Four of these had been reported in their 
previous article ) They stated that, since the introduction of duodenal 
and gastric analyses, they had done daily examinations and these nine 
cases w ere the only ones in w^hich both gastnc and pancreatic achyha w as 
found 

Martin (19), in 1927, found normal amounts of trypsin and diastase 
in the duodenal contents of t\vo cases of achyha gastnca Okada et al 
(20), m 1929, after studying the pancreatic enzymes of 7 cases of achyha 
gastnca stated that “e^^de^ce that the pancreatic secretion was disturbed 
as the consequence of disturbed gastnc secretion w as not found ” Cheney 
and Niemand (21), in 1932, stated that fasting gastnc contents contain 
approximately the same concentration of pancreatic enzymes as the fast- 
ing duodenal contents They made determinations of trypsin on the 
fasting gastric contents of 10 cases of pernicious anemia in relapse and in 
9 of these there was an absence of trj'psin, w'hile, m the other, only a 
small amount of try^psin was found In 60 other cases (mainly achylias) 
normal amounts of tiy'psm were found in the fasting gastnc contents 

In the senes of expenments reported in this paper, we have attempted 
not only to e\aluate the enzymatic activity of the pancreas, but to de- 
termine, as well, the ability of the duodenum to activate the trypsinogen 
secreted by the pancreas To do this we have ascertained the tryptic 
power of the duc^enal contents before and after incubation with entero- 
kinase prepared from the duodenal mucosa of hogs 

JIATERIAL AND JIETHODS 

Fne >oung, health\ adults without ctndence of disease and haMng had 
prcMOUs normal gastnc analjses were used as controls All of the 22 cases of 
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pernicious anemia were typical clinically and hematologically and had had 
previous complete gastnc analyses In Table I the clinical and hematological 
findings in the 22 cases of pernicious anemia are recorded The results of the 
gastnc analyses in 16 of the 22 patients have been reported previously (1) 

TABLE t 

Tht clinical and hematological status of the 22 cases of fieeniCiOiis anemia 


Case 

number 

Age 

Red blood cells 

Hemoglobin 

(Newcomer) 

Daily maintenance dose 
of liver extract no 343 — 
denved from grams Hver 

Central nerv 
ous system 
Involvement 

1 

years 

78 

millions 

1 j>er c ptm 

2 90 

per tent 

65 


1 Moderate 

2 

62 

4 89 

78 

1 Intravenous* 

Advanced 

3 

39 

4 86 

84 

300 

1 Advanced 

4 

i 58 

5 19 

92 

1 300 

1 Advanced 

s 

54 

4 54 

84 

Intravenous 

Early 

6 

46 

2 99 

49 


Early 

7 

55 

564 

94 

300 

Advanced 

8 

71 

4 14 

86 

50 

1 Early 

9 

49 

4 93 

73 


1 Advancedt 

10 

58 

5 10 

78 

Intravenous 

1 Early 

11 

46 

463 

69 

Intramuscular 

1 Moderatef 

12 

72 

3 60 

86 

Intravenous 

1 Advanced 

13 

64 

4 68 

83 

Intramuscular 

Advancedt 

14 

66 

5 31 

110 

300 

1 Advanced 

15 

42 

5 65 

101 

300 

Early 

16 ' 

54 

5 28 

83 

Intravenous 

None 

17 

48 

4 73 

88 


Early 

18 

58 

5 08 

89 

400 

1 Moderate 

19 

54 

1 15 

25 


1 Advanced 

20 

48 

4 95 

84 

400 

1 Early 

21 

62 

1 73 

31 1 


1 Advanced 

22 

58 

1 16 

27 1 

1 


Advanced 


* Those patients now receiving intravenous or intramuscular liver extract 
at weekly intervals had previously been unable to maintain the blood at normal 
levels while receiving at least the amount of liver extract denved from 300 grams 
of whole liver daily by mouth 

t Patients showing recent improvement in neurological conditions 

No food or dnnk was given to the subjects between the evening meal and 
the morning of the test Early in the morning the fasting gastnc contents 
were removed by means of a Rehfuss tube while the subject was in a semi 
recumbent position The subject then swallowed the tube to approximately 
the 7S cm mark and was turned onto the nght side After the subject had 
rested in this position for from f to | of an hour, an attempt was made to local 
ize the position of the tube To localize the tube the following procedures were 
followed 

1 Auscultation was performed over the epigastnum dunng the injection 
of air into the tube (As stated by Richards (22), if the tip of the tube was in 
the stomach a loud cavernous sound was transmitted to the ear of the examiner 
but if It was in the duodenum, a more distant, muffled, high pitched sound nas 
heard ) 
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2 Sensation of the subject on the injection of the air was noted (Many of 
the patients noticed a distinct difference in sensauon when the air was injected 
into the duodenum The injected air was felt much deeper and \cr>' quickly 
could be felt passing through the intestines ) 

3 The rapid disappearance of the acid injected was observed 

4 Persistence of deep bile color to the fluid on rcmo\al was noted 

If the abo\e requirements were fulfilled, it was thought that the tip of the 
tube was in the duodenum and that the fluoroscope was not absolutely neces- 
sar> to \erify the position of the tube Fluoroscopic examination probably 
would ha\e helped in se\eral instances in passing the tube into the duodenum, 
as, occasionally, it was necessary’ to wait three hours or longer and to change 
the posiuon of the subject and the tube many times before the tube dropped 
into the duodenum On a few' occasions the examination was unsuccessful as 
the tube would not pass into the duodenum 

After localizing the tube, 30 cc of 0 2 per cent hydrochloric acid was in- 
jected into the tube One minute later an attempt was made to remove the 
aad If most of the aad had disappeared at that time, continuous suction was 
applied to the tube after fi\e minutes Two 30 minute samples of duodenal 
secretions were collected 

The duodenal or gastnc juice was measured in a graduated cylinder and 
filtered through paper The color was noted and the pH was determined 
colonmetncally Only the results of those samples which were neutral or 
alkaline were considered to be of \alue SiKerman and Denis (15) and Wads- 
worth and Aaron (23) showed the xalue of this precaution Our ow n experience 
has also taught us that acid duodenal contents ga\e much lower enzyme values 

Amylase and lipase were determined by the methods described by McClure, 
Wetmore, and Reynolds (24) However, in the lipase determination, 1 cc of 
duodenal juice was diluted to 5 cc with 0 33 molar phosphate bulTer instead 
of to 50 cc Opr low er lipase x alues may be due to the difference in the stimulus 
used or in the cottonseed oil emulsion 

To determine the try ptic activity of the duodenal juice, I cc of the juice was 
diluted to 10 cc with distilled water, and 5 cc was used for analyses by the 
method of Koch and Helmer (25) desenbed below The total tryptic content 
(try’psin plus trypsinogen) was determined by adding 1 cc of a 2 per cent 
solution of enterokinase to 1 cc of duodenal juice, making the total volume to 
10 cc with distilled water, and incubating for 30 minutes at 40° C Five cc of 
the activated solution was then used for the analysis of its try'ptic power The 
enterokinase was prepared from duodenal mucous membrane of hogs The 
mucous membrane previously had been dehydrated and defatted by means of 
acetone and ether 

The details of the method for the determination of trypsin are as follows 
The casein solution, which was used as a substrate, was prepared by shaking 
75 grams of Merck’s casein (according to Hammarsten) with 500 cc of distilled 
water in a 2 liter flask until the casein was in a finely divided state Then 500 
cc of 0 8 per cent sodium carbonate was added and the mixture shaVen until 
the casein was disolved If preserved wnth toluene, the solution will leep 
several davs in the ice box 

For the determination, 80 cc of the casein solution was measured into an 
Erlcnmever flask of 125 cc capaaty , and enough 0 4 per cent sodium carbonate 
was added so that the total volume was 100 cc upon the addition of the sub- 
stance to be tested The casein solution was then allowed to come to 40° C 
and the tryp=in was added The mixture was stirred well to insure homoge- 
neity , and 25 cc was pipetted into a small beal er or flasl containing 3 6 cc of 
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normal acetic aad and about 1 gram of talc (It is important to stir vigorously 
while adding the casein to the acid to insure a good preapitation ) The 
remaining solution was allowed to digest for 4 hours at 40° C The 25 cc. of 
the solution above served as a blank The precipitated casein was removed 
by filtration through a good quantitative paper and the refractive index was 
read at 25° C by means of a Bausch and tomb immersion refractometer 
At the end of the digestion penod, exactly 4 hours, the flask was removed 
from the incubator and, again, 25 cc of the solution was pipetted off and the 
undigested casein precipitated as before The difference in the refractive index 
of the blank and the 4 hour filtrate was the index of the amount of digestion 
The refractive index changes were recorded in scale readings of the refrac- 
tometer Since the filtrate from the casein preapitation was water clear, no 
difficulty was encountered in securing constant readings with the refractometer 
In order to have a standard with which to compare the tryptic activity a 
standard curve was made by determining the change in refractive index caused 
by quantities of U S P pancreatin, ranging from 1 mgm to 20 mgm per 100 
cc of casan solution The refractive index changes caused by known concen 
trations of a 0 4 per cent sodium carbonate solution of U S P pancreatin are 
shown in Table II, and the data from Table II are plotted in Chart 1 


TABtE n 

Change tn refractive index readings at 25° C produced by hnomt concentrations of V S P 

pancreatin 


ulcreatm 

Change In 
relrnctlve index 

mpn 

scote reedtnss 
tmmertton 
rtfroclomtltr 

1 

0 72 

2 

1 20 

4 

2 10 

6 

3 35 

8 

4 18 

10 

5 36 

15 

7 45 

20 

917 


To rule out the possibility of pepsin interfenng with the trypsin detcrmina 
tion, S cc of normal gastric juice with a high pepsin content was allowed to act 
on casein in the manner outlined above The gastric juice had no proteolytic 
activity under these conditions 

RESULTS IN NORMAL SUBJECTS 

In Table III are tabulated the results in normal subjects The fasting 
gastric contents all contained a trace of trypsin and lipase In the 
samples with acid reaction the amylase was entirely absent The one 
specimen which was alkaline had considerable amylolytic power, due, no 
doubt, to the presence of saliva This sample also had the greatest 
tryptic activity 

In the duodenal specimens in which the reaction was neutral or alka 
line, the results were quite uniform Again it was noted that the acid 
reaction completely inactivated the amylolytic enzyme and mar' ndl 
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Chart 1 Change in Refractive Index Readings at 25° C Produced 
BY Know'n Concentrations of U S P Pancreatin 


table III 


The tolutne, color, pH, trypsin before and after actuation with enterokinase, lipase, 
and amylase in the fasting gastric juice and in the duodenal contents following acid stimu 
lation in normal individuals 


Ca'c 

num 

ber 

Date 

Specimen 

j 

i 

Vol 

ume 

Color 

1 

pH ' 


Trj p- 
Bin 
and 
top 
sm- 
ogen 

Lip 

asc 

Amjl 

a®c 


1052 


cc 



rngm ' 

mgm 

ec 

mgm 







per 1 

per 

MIO 

glu 


\ 




! 

cc 

cc 

NaOlI 

cose 

1 

September 6 

Fasting gastnc 

28 

Negative 

1 s 

03 

1 8 

00 

00 



1st half hour 

80 

Yellow 

7 4 

13 3 

27 5 

3 2 

2 1 



2d half hour 

30 

Yellow 

74 ! 

i 

170 

32 9 

35 

I 

2 9 

2 

September 8 

Fasting gastnc 

23 

Bile 

7 6* 

20 

39 

02 

1 3 



1st half hour 

95 

ellow 

7 8' 

14 2 

27 7 

2 7 

1 0 



2d half hour 

12 

\ellow 

78 

23 8 

42 7 

42 

26 

3 

September 22 

Fasting gastnc 

35 

Bile 

1 3 

1 0 

1 0 

02 

00 



1st half hour 

64 

ellow 

76 

16 3 

20 6 

2 6 

1 6 



2d half hour 

46 

\ ellow 

4 7 

65 

13 0 

1 6 

00 

4 

October 6 

Fasting gastnc 

17 

Ncgati\ e 

2 2 

1 8 

2 2 

02 

00 



Ist half hour 

no 

\mber 

80 

13 2 

25 2 

2 8 

09 



2d half hour 

65 

Amber 

83 

15 9 

31 0 

43 

1 5 

5 

October 1 1 

Fasting gastnc 

70 

Bile 


i 10 


0 1 

09 



1st half hour 










2d half hour 

107 

i N ellow 

7 0j 

122 

22 0 

28 

09 
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creased the lipolytic and tryptic activity It was interesting to observe 
the relatively large amount of trypsinogen that was present in the normal 
duodenal contents After activation, the tryptic power of the juice was 
increased 83 per cent We believe that the determination of the tryptic 
power after activation with enterokinase may offer a more accurate index 
of pancreatic function, since at least two factors must be considered as 
playing a role in determining the amount of tryptic activity in the duo 
denal juice — namely, the ability of the pancreas to secrete trypsinogen 
and the ability of duodenal mucosa to supply enterokinase to activate it 

RESULTS IN PERNICIOUS ANEMA 

In Table IV the results of the analyses of the gastnc and duodenal 
contents in the 22 cases of pernicious anemia are recorded The fasting 
gastnc samples contained only small amounts of trypsin and lipase, except 
in the samples containing bile where there was a noticeable increase m 
the amount of these enzymes in most cases Many of the fasting gastric 
samples contained a greater amount of amylase than the duodenal 
samples This was undoubtedly due to the presence of saliva m the fast- 
ing gastric contents, since patients with pernicious anemia have no acid 
in the fasting gastnc contents to destroy the amylase of the saliva 

There t\as an increase in tryptic and lipolytic activity over the fasting 
gastric findings in all of the duodenal samples The average of the 
tryptic activity in the half hour duodenal samples of the 22 cases of per- 
nicious anemia, before activation with enterokinase, was 15 2 mgm per 
cc and 21 5 mgm per cc following the activation The value obtained 
before activation was approximately the same as that found in normal 
persons, but the value after activation was distinctly lower There was 
an increase of only 49 per cent of the tryptic value after activation with 
the enterokinase, as compared with the increase of 83 per cent found in the 
normal specimens Therefore, it appears that there is a decreased secre- 
tion of trypsinogen in these patients, although their values for tryptic 
activity by the usual tests fall within the normal range It is evident 
from these observations that there is a normal amount of enterokinase 
secreted by the duodenum The average of the lipolytic activity in the 
half hour samples of the cases of pernicious anenua was slightly lower 
than the normal values The average amylolytic values were approxi- 
mately equal to those found in the normal persons 

The 22 cases of pernicious anemia were grouped m Table V and in 
Chart 2 according to their clinical and hematological status at the time 
of the analyses Those patients having moderate to advanced central 
nervous system involvement usually had a much lower tryptic activity 
in the duodenal contents, not only when the tryptic values were compared 
with the normal findings, but even when these values were compared with 
those obtained in the patients with pernicious anemia having earlv or no 
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TABLE IV 


Tic vohtme, color, pH, try pstn before and after activation utth enterohnase, Itpasc, 
and atrylasc tn the fasting gastric juice aid tn the duodenal contents follou'ing acid slimti 
/< lion It 2Z cases of pernicious aremta 


num 

ber 

Dale 

Specimen 

Vol 

umc 

Color 

pH 

Tr>p 

Sin 

Tnp 

sin 

"ind 

top- 

sin 

ORen 

Lip 

15C 

Am>l 

nsc 







msrrt 

mgm 

CC 

mjcm 


i 





per 

per 

MW 

etu 







cc 

cc 

Naon 

cose 

I 

July 6 

Fasting gastric 










1st half hour 

45 

Green 


124 

16 4 

HO 

09 



2d half hour 

17 

Yellow 





07 

2 

July 11 

Fasting gastric 

3 

Negative 

84 

1 9 

1 7 


08 


1 

1st half hour 

56 


68 

33 

46 

02 

03 



2d half hour 

13 


84 

80 


1 1 

09 


October 12 

Fasting gastric 

13 

Bile 

82 

02 

1 0 

00 

1 1 



1st half hour 

52 

Amber 

84 

82 

10 8 

08 

09 

3 

July IS 

Fasting gastric 

40 

Negative 


3 7 

4 2 

02 

1 7 



1st half hour 

56 



93 

11 5 

05 

1 4 


j 

2d half hour 

53 



16 1 

25 3 

1 2 

1 8 

4 

July 22 

Fasting gastnc 

13 

Negative 


02 

02 

02 

06 



1st half hour 

36 

Yellow ' 


99 

17 2 

2 2 

07 

5 

July 27 

Fasting gastric 

18 

Negative 


00 

03 

0 1 

23 



1st half hour 

150 

Green 


20 0 

29 1 

1 0 

08 



2d half hour 

63 

Green 


19 5 

34 8 

10 

1 5 

6 

August 11 

Fasting gastnc 

45 

Yellow 


20 

26 


08 



1st half hour 

79 

\ ellow 


17 2 

24 6 


08 



2d half hour 

50 




30 8 


1 1 

7 

August 30 

Fasting gastric 

3 

Negative 


05 

05 

0 1 

09 



1st half hour 

120 

Yellow 


92 

IS 2 

07 

2 2 



2d half hour 

58 

Yellow 


12 3 

16 2 

1 2 

25 

8 

September 1 

Fasting gastnc 

24 

Ncgati\ e 

87 

00 

00 

00 

1 3 



Ist half hour 

75 

^ ellow 

7 6 

29 7 

35 2 

3 1 

09 



2d half hour 

8 

Yellow 

m 

24 8 

38 2 

3 2 

30 

9 

September 7 

Fasting gastnc 

13 

Negati\ c 

84 

06 

07 

00 

09 



1st half hour 

44 

Brown 

7 6 

13 5 

20 0 


0 8 



2d half hour 

50 


78 

14 2 

28 3 


2 I 

10 

September 9 

Fastinc castric 










1st half hour 

88 

Amber 

80 

15 2 

26 6 

1 7 

2 5 



2d half hour 

10 

Brow n 

86 

16 3 

21 2 

1 7 

30 
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TABLE IV — Continued 


Case 

num 

ber 

Dat% 

Specimen 

Vol 

ume 

Color 

pH 

Tryp 

sm 

Tryp- 

sin 

and 

tryp- 

bIqo 

gen 

Lip 

ase 

Amyl 

aae 






m 

mim 

mpn 

cc 

pigm 






■ 

per 

Per 

NIW 

glu 






■ 

cc 

cc 

i^aOB 

r cose 

11 

September 13 

Fasting gastric 

16 

Bile 

B 

1 27 

53 

09 

29 



Ist haU hour 


Amber 

7S 

12 4 

26 2 

42 

34 



2d half hour 

45 

Yellow 

7 8 

12 4 

214 

47 

48 

12 

September 14 

Fasting gastric 

m 

Negative 

82 

02 

1 0 

01 

2 2 



Ist half hour 

95 

Brown 

7 8 

18 8 

27 2 

34 

1 9 



2d half hour 

25 

Brown 

82 

16 7 

24 4 

30 

23 

13 1 

September 16 

Fasting gastnc 

2 



00 





1 

1st half hour 

32 

Yellow 

78 

20 8 

28 0 

40 

1 1 

14 

September 19 

Fasting gastnc 1 

41 1 

Negative ' 

8 2' 

04 

05 

02 

2 5 



1st half hour 1 

63 ! 

Brown 

8 2 

15 4 

174 

24 

2 1 



2d half hour 

50' 

Yellow 

7 8 

10 4 

14 8 

26 

23 

IS 

September 20 

Fasting gastnc 

32 

Negative 

8 6' 

04 

1 0 

00 

23 



1st half hour 

30 

Brow n ' 

7 8: 

172 

26 0 

34 

08 



2d half hour 

19 

1 Yellow 

8 21 

15 4 

22 5 

30 

18 

16 

September 21 

Fasting gastric 


'sile 


' 26 

£5 

OS 

' 3 1 



1st half hour 

Kil 

\eHow 


95 

18 2 

22 

1 S 



1 2d half hour 


Blood 


23 6 

29 2 

32 

38 

17 

1 September 26 

Fasting gastric 


1 Bile 

78 

12 8 

12 2 

06 

5 2 



1st half hour 

so 

' Amber 

76 

38 2 

34 8 

30 

29 



2d half hour 

46 

Amber 

82 

20 0 

25 0 

1 7 

37 

18 

September 28 

; Fasting gastric 

5 

Bile 

80 

1 5 






1st half hour 

65 

Amber 

7 8 

10 2 

169 

10 

27 



2d half hour 

11 

Blood 

82 

89 

13 2 

1 3 

26 

19 

1 September 29 

Fasting gastric 

9 

Negative 

86 

06 

1 0 

02 

34 



1st half hour 

65 

Amber 

82 

10 0 

15 6 

1 2 

1 9 

20 

October 3 

Fasting gastnc 

29 

Negative 

78 

27 

60 

03 

23 



1st half hour 

129 

Amber 

80 

17 4 

26 6 

30 

23 



2d half hour 

46 

Amber 

82 

17 2 

22 0 

20 

3 7 

21 

October 5 

Fasting gastnc 

3 



04 






Ist half hour 

82 

Amber 

85 

92 

12 0 

1 2 

02 



2d half hour 

50 

Amber 

84 

12 8 

16 0 

1 2 

02 

22 

October 1 7 

Fasting gastnc 










1st half hour 

22 

Amber 

86 

12 8 

16 9 

1 8 

09 



2d half hour 

6 

Amber 

84 

13 8 

20 4 

26 

1 3 
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TABLE V 


Mean values xcsth probable error of the V'ean of the trypsin, trypsin plus trypsinogen, 
lipase, ard amylase of I alf 1 our samples tr the various groups of patients unth pernicious 
aremta and tr normal subjects 




Num 


Mean values 










of 

case*' 

Try psm 

Topsin 

and 

Lipase 

Amjlaee 





to psinogcn 






mgm 


CC 

msm 




ptr cc 

t'cr cc 

MIO NaOH 

glucose 

I Normals 

11 Pernicious anemia 

5 

15 4 ±0 67* 

27 2±1 62 

3 2±0 12 

1 5±0 14 

1 

Cases ha\ ing moderate 
to ad\'anced central 







ner\ ous sj stem in\ olve- 
ment 

14 

12 2±0 63 

18 0±0 94 

2 1 ±0 23 

1 6±0 18 

2 

Cases ha\ing early or 
no demonstrable cen tral 
nervous system involve- 
ment 

8 

20 Idbl 18 

27 8±1 08 

24±0 17 


2 2±0 18 

3 

All cases having RBC 
below 3 0 million per 







c mm 

5 

12 6±0 75 

17 8±1 03 

1 4±0 14 

1 IdhO 17 

4 

All cases having normal 

1 





RBC 

17 

15 7db0 95 

21 8±1 13 

2 4±0 19 

2 0±0 16 

5 

Cases having moderate 
to advanced central 







nen ous sjatem in\ oh e 
ment and RBC below 







3 0 million per c mm 

4 

1 11 8±0 93 

16 2db0 56 

1 4±0 16 

1 0±0 21 

6 

Cases having moderate 
to advanced central 
nerv ous system in\ olve 
ment and a normal RBC 

10 

12 3±0 86 

18 8±1 24 

2 3±0 29 

i 1 7±0 22 

7 

Cases ha\ mg early cen- 
tral nerv ous s> stem in- 
^olvement and RBC 
below 3 0 million per 







c mm 

1 

17 2 

24 6 


1 0 

8 

Cases ha%nng early or 
no demonstrable cen- 







tral nervous svstem in- 
\olvement and normal 
RBC 

*¥ 

t 

20 2dbl 31 

27 8±1 21 

2 4±018 

2 3±0 19 

9 

Cases able to maintain 
RBC at normal levels 
on liv er extract denv ed 
from 300 or less grams 
of hv er 

6 

15 4±1 61 

21 8±2 04 

2 li0 31 

1 6±0 16 

10 

Cases requiring more 
than the amount of 







liv er extract denv ed 
from 300 grams of hv er 

9 

14 6il 05 

224±1 52 

2 4i0 28 

2 2±0 23 

11 

All cases 

22 

15 lih0 79 

21 6i0 95 

2 2±0 16 

1 8±0 14 


* Probable error of mean 
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Chart 2 Individual Values of Trypsin and of Trypsin and Try psinogen 
Plotted According to Grouping in Table V 


demonstrable central nervous system involvement This finding was 
more evident when the tryptic activity of the samples after activation 
with enterokinase was studied The amylolvtic and lipolytic activity of 
the duodenal contents of the patients having moderate to advanced cen- 
tral nervous system involvement was also slightly decreased, but not to 
such a degree as the tryptic activity One patient (Case number 2) with 
marked central nervous system involvement had the lowest trypsin values 
in the senes, and, repeating the test three months later, similar results 
V ere obtained Of the four patients having moderate to advanced central 
nervous system involvement, who had normal amounts of tryptic activity 
in the duodenal contents three had recently shown definite improvement 
of symptoms referable to involvement of the central nervous system v hile 
receiving liver extract by injection 

There were only five patients having red blood counts below 3 0 
million per c mm , but in all there was a definite decrease in lipase and 
amylase and a slight decrease in trypsin Fifteen of the patients had 
been studied by this department for a sufficient length of time to be used 
for determining the relationship of the duodenal contents w ith the main 
tenance dose of liver extract The averages of the tryptic and lipolytic 
activity in those patients who were able to maintain the blood at normal 
levels by taking the amount of liver extract denved from ,7r 
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less of uhole h\er daily, were approximately equal to those found in the 
patients requiring more h\er extract The average of the amyIoI>tic 
activity of the latter group vas slightly higher than that of the former 
The one patient who w'as able to maintain the blood at normal levels 
w hile taking very small amounts of liver extract, how'ever, had the highest 
tr>'ptic activity in the duodenal contents of any of the fifteen patients 

DISCUSSION 

In the 22 cases of pernicious anemia studied, there were no cases in 
w hich there w as an absence of the pancreatic enzymes in the duodenal 
contents This is in agreement with the findings of Crohn (7) (8), Chace 
and Myers (9), White (10), and McClure and associates (11), but is at 
xanance with the findings of Cheney and Niemand (21) How'ever, 
Cheney and Niemand based their opinion on the analyses of the fasting 
gastric contents From our work it is evident that fasting gastric juice 
findings are not a satisfactory index of the external secretory function of 
the pancreas 

Although there were no cases m w^hich there was a total absence of the 
pancreatic enzymes, it is interesting to note that, in all the patients wuth 
pernicious anemia having decreased amounts of tryptic enzymes, there 
was moderate to advanced central nervous system involvement present 
We feel that this finding of low enzymatic activity in the duodenal con- 
tents of cases with achylia gastnea is of more significance than similar 
findings in cases haxnng normal gastnc function, because there w'as no free 
hydrochloric acid or pepsin to inhibit the pancreatic enzymes and, in ad- 
dition, there was only a small amount of gastnc juice in such cases to 
dilute the duodenal contents The finding of decreased tryptic activity 
in the patients with pernicious anemia having moderate to advanced 
central nervous system involvement, suggests the possibility that a de- 
crease in the external secretoty function of the pancreas might be of 
etiological importance in the production of central nervous system in- 
X olx'ement in perniaous anemia A study of the duodenal contents of a 
larger senes of cases is necessaty to venfy this possibility 

In this limited senes, Case number 8 is the only one suggesting any 
correlation between maintenance dose of liver extract and the amount of 
pancreatic enzx mes in the duodenal contents This patient had one of 
the highest trx ptic x^alues in the x\ hole senes and w as able to maintain the 
blood at normal lex-els for a penod of years w hile taking the amount of 
hx er extract denx ed from 100 grams of w hole liver every- other day This 
suggests that the maintenance dose of hxer extract in some patients with 
piernicious anemia may be influenced by the degree of activity of the 
pancreas, howexer, the findings in the remaining patients show no such 
relationship The probability still remains that in the majority of the 
patients receix-ing an adequate diet and haxang no complications, the 
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maintenance dose of liver extract js governed by the ability of the patient 
to absorb the active pnnciple from the gastro intestinal tract, as sug 
gested by Castle and his associates (26) 

CONCLUSIONS 

1 Twenty two cases of pernicious anemia were studied and all showed 
pancreatic enzymes in the duodenal contents 

2 The determination of pancreatic enzymes in the fasting gastric 
contents is of no value in estimating pancreatic activity 

3 The incubation of duodenal contents with enterokinase is necessary 
in order to determine the total amount of proteolytic enzymes secreted by 
the pancreas 

4 The ability of the duodenal mucosa to secrete enterokinase is ap 
parently not impaired in pernicious anemia 

5 All patients with permcious anemia who had decreased tryptic 
activity showed moderate to advanced central nervous system involve 
ment 

6 With the possible exception of one case, there was no correlation 
bebveen maintenance dose of liver extract and the activity of the pan 
creatic enzymes 
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The regulation of the interchange of water and salt in the body is a 
delicate and very prease mechanism Haldane and Priestley (1) found 
no change m the percentage of hemoglobin in the blood after ingestion of 
large amounts of water plus salt Later Pnestley (2) reported a diminu 
tion in the electrical conductivity of the serum following an increased 
water intake and an increase of conductivity after ingestion of salt solu- 
tion Crawford (3), Adolph (4) and others confirm these findings 
Because of expenmental difficulties fewer data are available concerning a 
restncted intake of these constituents in normal men The increased 
output of water and salt, however, especially in unne, sweat and vomitus, 
has been studied extensively Gamble and Ross (S) found a marked 
reduction in body weight in dogs after expenmental pylonc obstruction 
This loss of weight and inability to assimilate ingesta from vomiting was 
essentially referable to a loss of water plus sodium and chlonde ions 
Sn eating is another mechanism by which salt and water are lost from the 
body In a temperate climate this salt loss is small, even in heavy work, 
and IS not responsible for a fall of the salt level of the blood serum (6) 
In a hot climate, however, sweating may reach a magnitude sufficient to 
alter vanous constituents of the blood dunng a work period of several 
hours duration (7) If this changed composition of blood reaches suffi- 
cient magnitude, then a break down of some function of the living organ 
ism may be expected 

Chnicallv the failure of the human organism to cope with a high 
environmental temperature is generally associated with the conditions 
known as sun stroke, heat stroke and heat exhaustion There is another 
malady less well known, but nevertheless definite in its characteristics, 
that IS frequently seen in workers in extreme heat This is known as 
heat cramps In 1904 Edsall (8) described two cases of painful cramps 
adnutted to the hospital and later (9) attnbuted them to exposure to 
intense heat Miners and firemen frequently report off duty because of 
severe muscle cramps when working in high temperatures This malady 
has been adequately descnbed and satisfactonly named but the cause 
has not been clearly defined This communication is a study of several 
cases of heat cramps with a simple hypothesis for their origin 

533 



532 


PANCRn\TlC E^Z^'MES IN PERNICIOUS ANEMIA 


9 Chace, ‘\ T , and M>ers, V C , \rch Int Med , 1913, \ii, 628 The Ex- 
amination for Diagnostic Purposes of the Enzyme >\ctuity of Duodenal 
Contents 

10 White, F W’^ , Boston Med and Surg J , 1916, cKxn , 674 Observations 

on the Use of the Duodenal Tube for Diagnosis and Treatment 

11 McClure, C W^ , and Jones, C M , Boston Med and Surg J , 1922, cKxwii, 

909 Studies in Pancreatic Function The Enzyme Concentration of 
Duodenal Contents in Pathological Conditions Involving the Pancreas, 
Liv er, and Stomach 

12 Roth, N , and Sternberg, F , Deutsche med W^chnschr , 1922, xlvuii, 1207 

Zur Frage der Pankreasachylie 

13 Kahn, H , Klin W^chnschr , 1923, u, 692 Zur Duodenalsondierung 

14 McClure, C W^ , Montague, 0 C , and Mortimer, E , Boston Med and 

Surg J , 1924, c\c, 357 Pancreatic Function m the Absence of Free 
Hydrochlonc Acid from the Stomach 

15 Silverman, D N , and Denis, W^ , South M J , 1924, xvii, 549 Studies of 

the Pancreatic Enzymes in Fasting Duodenal Contents 

16 Piersol, G M , and Bockus, H L , Arch Int Med , 1925, \\\v, 204 

Pancreatic Enzymes in Cholecystitis 

17 Landau, A , Cygielstrejch, J , and Fejgin, M , Arch d mal dc I’app 

digestif , 1926, xv’i, 409 Achylie Gastro-Pancr6atique 

18 Landau, A , and Glass, J , Arch f Verdauungskr , 1929, xlvi, 192 Achylia 

Gastro-pancreatica 

19 Martin, Lay, Arch Int Med , 1927, xvxix, 343 Biliary, Pancreatic, and 

Duodenal Studies II Estimation of Pancreatic Enzymes and Value 
of Such Determinations from a Clinical Standpoint 

20 Okada, S , Imazu, T , Kuramochi, K , Matsubara, M , Tsukahara, T , 

Arch Int Med , 1929, xliii, 413 Pancreatic Function III The 
Pancreatic Secretion in Disturbed Gastne Secretion 

21 Cheney , G , and Niemand, F , Arch Int Med , 1932, xlix, 925 A Possible 

Relationship of Pancreatic Insuffiaency to Addison-Biermer (Pernicious) 
Anemia 

22 Richards, C V , Arch Int Med , 1929, xliv, 71 An Improved Duodenal 

Tube Its Advantages with a Bnef Outline of Duodenal Intubation 

23 W^adsvvorth, J V , and Aaron, A H , Am J Surg , 1929, vii, 480 Obscr- 

V ations on the Enzymatic Activities of the Duodenal Contents 

24 McClure, C W^ , W^etmore, A S , and Reynolds, L , Arch Int Med , 1921, 

vxvai, 706 New Methods for Estimating Enzymatic Activities of 
Duodenal Contents of Normal Man 

25 Helmer, O M , Doctor's Thesis, University of Chicago, Sept 1927 A 

Studv of Trypsin and its Activation by Enterokinase 

26 Castle, W' B , Heath, C W'^ , and Strauss, M B , Am J M Sc , 1931, clxxxii, 

741 Observations on the Etiologic Relationship of Achylia Gastnea 
to Perniaous Anemia IV A Biologic Assay of the Gastne Secretion 
of Patients with Perniaous Anemia Having Free Hydrochlonc Acid 
and That of Patients without Anemia or with Hypochromic Anemia 
Having no Free Hvdrochlonc Aad, and the Role of Intestinal Im- 
permeability to Hematopoietic Substances in Perniaous Anemia 
Castle, W' B, and Taylor, F H L, J A M A, 1931, xcvi, 1198 In- 
travenous Use of Extract of Liver 



HEAT CRAMPS A CLINICAL AND CHEMICAL STUDY 


By JOHN H TALBOTT and JOST MICHELSEN 

(From the Faltgue Laboratory Morgan ffatl Narvard Umversity Boston and the Six 
Companies Hospital Boulder City Nevada) 

(Received (or publication December 15, 1932) 

The regulation of the interchange of water and salt m the body is a 
delicate and very prease mechanism Haldane and Pnestley (1) found 
no change in the percentage of hemoglobin in the blood after ingestion of 
large amounts of water plus salt Later Pnestley (2) reported a diminu- 
tion in the electncal conductivity of the serum following an increased 
water intake and an increase of conductivity after ingestion of salt solu 
tion Crawford (3), Adolph (4) and others confirm these findings 
Because of expenraental difficulties fewer data are available concerning a 
restricted intake of these constituents in normal men The increased 
output of water and salt, however, especially in urine, sweat and vomitus, 
has been studied extensively Gamble and Ross (5) found a marked 
reduction in body weight in dogs after experimental pyloric obstruction 
This loss of weight and inability to assimilate ingesta from vomiting was 
essentially referable to a loss of water plus sodium and chlonde ions 
Sweating is another mechanism by which salt and water are lost from the 
body In a temperate climate this salt loss is small, even m heavy work, 
and IS not responsible for a fall of the salt level of the blood serum (6) 
In a hot climate, however, sweating may reach a magnitude sulfiaent to 
alter vanous constituents of the blood dunng a work period of several 
hours duration (7) If this changed composition of blood reaches suffi- 
cient magnitude, then a break down of some function of the living organ 
ism may be expected 

Clinically the failure of the human organism to cope with a high 
environmental temperature is generally associated with the conditions 
known as sun stroke, heat stroke and heat exhaustion There is another 



HEAT CRAMPS 

During the summer of 1932 members of this laboratory' were in\esti- 
gating the physiological and pathological effects of high temperature upon 
the living organism Boulder City, Nevada, as the center of operations 
for the construction of Hoover Dam, offered unusual opportunities for 
this study This city, only seven miles from the site of Hoover Dam, is 
situated in the Colorado River Basin Desert There w ere approximately 
2500 men working on the Dam who lived in Boulder City during the 
recent summer ‘ Figure I gives the daily maximum temperatures in 



1 

■■■■■■ 



Fig 1 Maximum Dailx Temperature Observations During the Summer 

OF 1932 

Boulder City and at the Dam site dunng this period The admission 
dates for the cases discussed are noted on this figure There w ere roughly 
four hot spells of 4 to 5 days each, and dunng these penods of heat all of 


J The employ ees of the Six Companies Construction Company w ere cared for 
at their own Hospital This is a modern 60-bed hospital, well equipped to care 
for medical and surgical cases, located in Boulder City The authors v ere 
gi\en a “free hand” in the diagnosis, treatment and investigation of all sus- 
pected and verified cases suffering from the lU effects of heat- 
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the cases were admitted to the hospital All of the suspected heat cases 
were seen within IS minutes after admission and within 45 minutes after 
leaving the Dam No known medication was given before they were 
seen by us Forty cc of venous blood was drawn shortly after we saw the 
patient, and following this a history was taken and physical examination 
was done Thus the significant observations were completed before 
hypodermic, subcutaneous or intravenous therapy was begun 

The hospital cases admitted because of the ill effects of heat were few 
in number when a companson is made with the preceding summer While 
accurate statistics are not available concerning the mild and moderate 
cases suffering from heat, there are 17 cases in the insurance records in 
which death was attributed to heat from May to October, 1931 There 
were no deaths from heat in the summer of 1932, and according to sources 
considered to be reliable the number of mild and moderate heat cases was 
markedly below that for the summer of 1931 Greatly improved living 
quarters, milder temperature, abundance of cooled dnnking water and 
acclimatization were probable factors in this reduction 

There are seven cases descnbed in this paper Five of these were 
suffenng from heat cramps and two from heat exhaustion All of the 
cases of heat cramps admitted to the hospital during our stay in Boulder 
City are included 

METHODS 

The methods employed for the determination of all of the urinary consut 
ucnts and the majority of the blood constituents are given in a previous paper 
(6) The chlorides of the serum and cells were determined according to Wilson 
and Ball (10) The micro method of Fohn and Malmros (11) was used for 
blood sugar The total fixed base of the serum was determined after Van 
Slyke et al (12) The morphology of the blood was studied in the accepted 
clinical fashion 

Hepann was added as an anticoagulant to the drawn blood Blood for 
estimation of lactic aad sugar and formed elements was removed at once 
The remainder, about 35 cc , was equilibrated at 37 S" in a water bath at the ap 
proximate value Pco 2 = 40 mm Hg After 15 minutes equilibration, blood 
for measurements of oxygen capacity and COz content was removed The 
remaining whole blood was then centrifuged for three 20 minute periods Cal 
culation of cell volume at infinite time was then possible according to Hirota's 
method (13) The various serum determinations were performed on the 
separated plasma and the cell water and cell chloride on the separated cells 

RESULTS 

In no instance was arterial blood secured and the equilibration of 
venous blood was earned out under tensions of carbon dioxide that 
vaned somewhat in the series Thus Table I of expenmental observa 
tions IS supplemented by Table II, which permits a ready and more 
exact companson of the acid base equihbnum in the serum The onginal 
data may be recalculated assuming a constant value for one of the several 
30 



TABLE 1 

Expcrimenlal obscrvaltons on oxygenated blood 
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vanables pH, = 7 45 has been arbitrarily selected m the construction 
of Table II This treatment has certain disadvantages, nevertheless its 
use IS probably justified 

TABLE II 


Electrolytes of true plasma and rci at pH, = 7 45 
{Concentrations are expressed tn m Eq per liter of serum excepting rci) 


Ca*e 

number 

Date 

(HCOi)- 

(Lac 

tatc)“ 

CCD- 


(Pro- 

tdaate)- 

S Anions 

Total 

base 

'■Cl 


195S 






Mi 



I 

June 24 

21 12 

1 5 

92 7 

2 69 

23 1 

I5S 

146 1 

65 


June 26 

25 10 

1 5 

100 5 

2 58 

17 9 


146 3 



Jul> 16 

22 98 

1 5 

109 4 

2 18 

173 

iBH 

148 8 

62 

3 

June 27 

23 13 

1 1 

108 2 

2 44 

16 5 

1514 

151 8 

62 

4 

July 6 

25 27 

1 8 

98 7 

1 72 

175 

145 0 

150 6 

62 

5 

July 8 

23 52 

1 5 

99 0 

2 39 

18 6 

145 0 

151 5 

66 


July 9 

21 52 

1 5 

102 3 

2 17 

18 8 

146 3 


65 

6 

July 9 

16 52 

1 5 

984 

2 55 

15 8 

134 8 

149 6 

66 


July 11 

22 70 

1 7 

105 6 

1 61 

16 7 

148 3 

148 1 

71 


July 14 

21 38 

1 5 

106 5 

2 18 

17 1 

148 7 

148 5 

68 

7 

July 23 

21 18 

29 

96 1 

3 55 

20 5 

144 3 

153 2 

65 


It IS possible to calculate very accurately the total carbon dioxide of 
whole blood at pH, = 7 45 with loiowledge of the oxygen capacity and the 
partial pressure of CO2 dunng equilibration (14) The spread behveen 
total COj of whole blood and true plasma was assumed to be the same 
for a given speamen of blood at the observed pH, and at pH, = 7 45 
Total COj of true plasma at pH, = 7 45 was calculated on this basis 
Values for pH are denved from the equation 

pH, = pK. + log (BHCOi), - log (HiCOa),, 

where 

pK, = 6 10. 

m Eq (H2CO3), = 0031 (HjO). Pco . 

and 

(BHCOa), = (total CO,). - (H COj). 


Base bound by protein is calculated according to Van Slyke, Hastings, 
Hiller and Sendroy (15) 


where 

and 


m Eq (BP). = 0 104 (P). (pH. - 5 08), 

(P), = grams of protein per liter of serum 
pH, = 7 45 


Values for serum volume and serum and cell chlonde were corrected to 
pH, = 7 45 by reference to unpublished observations on dog s blood 
The following formulae were employed 
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Ve ccr = Vc oi. -f 4 0(pH, cJt — 7 45), 

Cl, cor ~ Cl, o&, i3 3(pli, ci, — / 45), 

Cl c cor = Cle 05, + 20 0(pH a ** 7 45) 

The shift m serum volume and chlonde for dog’s blood uithin the 

physiological range is probably close enough to that of man to introduce 
no significant error in its use Lactate of serum is calculated from its 
concentration in whole blood, assuming the concentration in cells and 
serum to be equal 

The expression anions represents the corrected sum of the anions, 
which, if all anions were accounted for, should be approximately equal to 
the corresponding value for total base Inspection of these values show s 
a stnking difference between the blood on admission and after recovery' 
A marked discrepancy betiieen total anions and cations is found only in 
the admission blood Values for (HCOs)”, except in Case 6, are only 
slightly below an average normal of 24 m Eq The lactate and inorganic 
phosphate of the serum are only slightly elevated, except in Case 7, 
w here both values are about tw ice the normal ones The proteinate ions 
are considerably increased because of a concentration of the blood pro- 
teins related to the degree of dehydration Shifts of these four electro- 
lytes of this magnitude and direction are frequently seen in a physiological 
state no more abnormal than that accompanying moderate exercise It 
is our impression that the distnbution of the chlonde ion is regulated by a 
mechanism more resistant to change, and that an elevation or depletion 
of the blood chlonde is seen only in disease Thus the low values for 
chlondes seem to us most significant of all 

In all cases the blood taken on the second day of hospitalization after 
treatment had begun show s chlonde values only slightly below' normal 
This significant nse in serum chlonde coinaded clinically with relief from 
cramps Cases 2 and 3, who did not complain of cramps, had normal 
chlonde values The total base of the serum w as low on admission and 
m Cases 1 and 6 did not reach the normal value of 152 m Eq during re- 
co\ eiy' 

The concentration of red blood corpuscles corresponds closely to the 
oxy’gen capaaty and cell volume Calculation of the cell hemoglobin 
gi\es an a%erage value of 19 6 m Eq per liter of cells This is slightly 
below the xalue of 20 3 gi%en by Dill (16) for 7 normal subjects There 
was some tendency for the white cells of the blood to be elevated with 
only slight increases in the piolj morphonuclear percentage All of the 
patients wath ele% ated w hite counts had normal rectal temperatures 

Table III contains data concerning water balance The fluid intake, 
high as it ma% seem, is probably considerably below the average dailj, 
intake for workmen dunng the hot penods The \alues for salt intake 



TADLB III 

Daily observations on fluid intake and output 
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arc onl> approximate but show in a striking degree the retention of salt • 
b> the body earh in reco\erj’ This was most marked in Case 1 wlicrc 
the intake of 45 grams of salt in 42 hours was accompanied b\ a unnarx' 
excretion of onh 4 grams Only a small amount of the salt not accounted 
for was lost m the stools and by sweating, the remainder was retained by 
the body Values for total nitrogen in the unne are high for the first 
two days of obserxation In an unpublished stud> of the hcalthj work- 
men at the Dam no such increase w as found in any of the 24-hour unne 
specimens It seems unlikely that the high nitrogen excretion can be 
attnbuted to exercise, to the high environmental temperature or to ele- 
vated body temperature Increased destruction of muscle protein ac- 
companying the cramps may be the source of some of the additional 
nitrogen ^ The utilization of tissue protein for fuel is probably respon- 
sible for most of the increase 

CLINICAL DISCUSSION 

The characteristics that distinguish heat cramps from other varieties 
of cramps are few The past history may reveal a previous attack of 
cramps w hile w orking in a high temperature J C (Case 7) was the only 
patient in our series that admitted haxnng had heat cramps previously 
Indixndual variation in susceptibility is undoubtedly important This 
response is intimately related to the phenomenon of acclimatization to the 
heat Adequate proof of acclimatization is not at present available but 
certain considerations strongly suggest this Acclimatization seems to be 
complete after the 3rd to 5th day It is our belief that any given indi- 
xndual is more resistant to cramps after this 5-day period, other factors 
being equal Moss (17) noted that colliers acclimatized to a high tem- 
perature lost twice as much sweat under the same conditions as unac- 
chmatized subjects Our observations (7) do not agree with these 
findings 

There may be a prodromal period of 1 to 3 days before the onset of 
acute symptoms Dunng this time the salt intake may be exceeded by 
the salt excretion An alcoholic bout with diminished intake of food and 
salt may be followed by sufficient gastric irritation and vomiting to lower 
appreciably the salt loxel of the body In Case 1 the 3-day prodromal 
period was preceded by an alcoholic bout, the severity and importance of 
which could not be ascertained Vomiting with loss of electrol>^cs pre- 
ceded the muscle cramps in Cases 1, 5 and 6, and nausea was a symptom 
m Case 7 as well Diarrhea may be a symptom but was not noted in 

- In most instances the use of the v ord salt implies sodium chlonde, as based 
on chlonde determinations 

’This process is similar to that observed by Moramtz in cn=cs of non- 
ncphntic uremia wnth hvpochloremia Mommtz, P , and Scbloss, '1 , Klin 
Wchnschr , 1932, xi, 1628 ‘Extrarcnalc’ Mbummune und Uramie 
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any of our cases of cramps There was a prevailing impression that 
profuse and explosive diarrhea was an accompaniment of most of the 
severe heat cases in the summer of 1931 No figures are available show- 
ing the inadence of diarrhea in uncomplicated heat cramps and in other 
ill effects of heat It is interesting to note that cases of cholera as de- 
scribed in the literature have muscle cramps associated with prolonged 
diarrhea As in heat cramps the vormting and diarrhea may seriously 
deplete the salt in the body 

The presenting symptom is generally pain in various groups of muscles 
which prevents the subject from continuing work Tingling in the 
fingers and toes may precede or accompany the cramps Edsall (9) ob- 
served extreme imtability and fibnilary twitchings of the involved mus- 
cles m his patients with heat cramps Deep or superficial palpation pro 
duced pain In contrast in none of our cases were there fibrillary twitch- 
ings nor did palpation produce pain However, active motion of the 
affected muscles was painful in our most severe cases 

The predilection of certain groups of smooth and stnated muscles for 
cramps is worth noting The muscles of the calf and the flexors of the 
forearms were the commonest sites The muscles of the abdominal wall 
were also affected in some instances quite apart from the smooth muscle 
of the gut It IS our belief that the vomiting and diarrhea may be ref- 
erable to imtation of the smooth muscle by a process similar to that 
causing cramps in striated muscle The effect of diminished blood chlo 
nde upon the heart muscle is an interesting problem for speculation 
Dr D B Dill suggested to us that the symptoms of Case 4 might be 
referred to such salt depletion This patient came into the hospital with 
symptoms in some respects resembling those of coronary occlusion His 
past cardiac history was not important The physical examination was 
negative His serum chlondes were below normal and he responded in 
a typical fashion to intravenous saline The retention of salt dunng the 
following 24 hours is further proof of the lowered salt level of his body 
The hospital does not have an electrocardiograph and no record was 
taken 

The relation of heat cramps to heat exhaustion or heat stroke has 
not been clearly defined In common with heat stroke or exhaustion is 
the exposure to a high temperature and the resultant loss of large volumes 
of sweat Haldane (18) found a maximum loss of 5}4 pounds per hour 
in seasoned colliers at work, and a much smaller loss of sweat in unac- 
chmatized workers That the amount of sweating is a function of ex- 
ternal temperature rather than duration of exposure was substantiated 
by experiments of Hunt (19) In a Turkish bath he found that the sweat 
loss was about 2 pounds per hour when the temperature was between 
60° and 80° C Sweating was as free at the end of 3 hours as it was early 
in the experiment This agrees with observations on ourselves dunng 
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the summer The companson of heat stroke with cramps and witli 
prostration re\eals less similantj beyond this point Clinical c\adcncc 
against a common causal agent in heat stroke and lieat cramps is afforded 
by the obserw'ation made b> \ViIlco\ (20) He noted that the convulsions 
in heat stroke were made worse after intra\enous saline injections The 
opposite effect might be expected if the essential pathological process 
w ere a depletion of salt and w ater in the central ner\ ous system Cramp 
cases show only a slight elevation of body temperature None of the 
cases in our senes had a temperature above 101° F after admission to 
the hospital It is conceivable, but unlikely, that the temperature was 
higher before admission In 37 cases reported by Gauss (21) tempera- 
tures were subnormal in most of the subjects and were not elevated in 
any Cases of heat exhaustion similarly have only a slightly elevated 
temperature In contrast the heat stroke or heat hyperpyrexia patients 
run a fever frequently as high as 110° F with a correspondingly high 
pulse rate ((Villcox, 20) The heart rate was as intimately related to 
body temperature, other factors being equal, in these cases as it had pre- 
vnously been found to be in hot-room experiments (22) In none of our 
cramp cases w as the pulse ov er 90 Restlessness and delirium w ere noted 
in one case only, Case 4, and he regained his mental equilibnum soon after 
admission to the hospital In view of the number of cases diagnosed as 
sun stroke in the cities dunng the summer months, it is worth noting the 
absence of cases at Boulder City during the summer of 1932 Many of 
the men at w ork scaling the cliffs were exposed to the sun’s rays for several 
hours each day The shade temperature was frequently 45° and the 
temperature of the rocks was 55° to 60° C Each day between the hours 
of 10 and 12 in the morning one of us (J H T ) regularly played three 
hard sets of tennis in the direct sun without any head covenng The 
question of whether a healthy individual, accustomed to the heat for a 
few days, could succumb to sun stroke is an important one and not fully 
answered by the cases in the literature to date 

An important entenon in substantiating a diagnosis of heat cramps is 
the marked relief follow mg parenteral injection of large amounts of nor- 
mal salt solution All of our cases in this senes w ere free from symptoms 
w ithin SIX hours after starting treatment 

In summary', then, a diagnosis of heat cramps may be made v’ ith the 
following conditions satisfied (1) Exposure to a high temperature at 
work (2) Rapid loss of salt in the sweat, that is not replaced (3) 
Painful muscle cramps (4) Diminished concentration of chloride and 
base in the blood and hkewase in the bodv tissues (5) Rapid ameliora- 
tion of sv mptoms after therapj 

PATHOGENESIS 

The pathogenesis of heat cramps has been v anouslv assigned accord- 
ing to the penod m which the several theones were advanced In 1904 
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Edsall (8) proposed, as the pathological process, acute degeneration in the 
muscle Some time later an infectious agent was considered but this was 
never sufficiently proved In recent years interest in this subject has 
been transferred to pathological physiology In 1923 Haldane m his 
discussion of a paper by Moss (23) stated that he believed miners’ cramps 
could be attnbuted to water poisoning Haldane further says, “When a 
man is working his blood is shunted away from the kidneys and excretion 
of unne stops If the kidneys were working normally they would ex- 
crete the excess of water and save the man from cramps ” In considera- 
tion of our quantitative observations it is desirable to define water poison 
ing and to qualify the assertions concerning the excretion of unne 

The body tissues of patients with heat cramps contain hypotonic 
flmd as seen from Table H, but this is not from the excess of water, rather 
it IS from the depletion of total base and chlorides Likewise after the 
beginning of treatment, if salt and water are retained to make up the 
deficit, a gam in weight dunng recovery would be expected If the funda- 
mental process at fault were an increase of total body water, then the 
patients after the beginning of treatment would lose weight because of 
the diuretic action of salt and water The facts observed in our cases 
that were weighed on adrmssion and at discharge are as follows Case 7 
gained 3 0 pounds in the first 24 hours and Case 6 gained 7 0 pounds in 
48 hours In regard to kidney function it is our belief that the principal 
reason for low kidney excretion during working hours in a hot climate is 
peripheral dilatation of the capillanes for dissipation of heat, rather than 
a pnmary shut down of the kidneys Heller and Smirk (24) studying 
rabbits and rats demonstrated a water diuresis (diuresis following an 
elevated fluid intake) in the presence of depleted water reserves There 
IS no evidence that under the above conditions for man the kidneys are 
not capable of excreting any excess of water that may be taken in 

Haldane (23) predicted a lowering of the blood chlorides of 3 to 4 per 
cent as a possible accompaniment of heat cramps In this senes the 
mildest case showed a 2 per cent reduction m serum chlondes and the 
severest case a 10 per cent reduction below the accepted normal minimal 
value Direct evidence is not at hand showing that the drop m the 
chlonde level of the blood is followed by a similar depletion of the chlonde 
m the intercellular spaces It is generally assumed that the concentra- 
tion of electrolytes in the serum and intercellular spaces is approximately 
equal If these are the facts then a loss of water and salt from the blood 
IS followed by a partial replacement from the tissues In the condition 
under discussion there is a loss of salt and water from the body with a 
concomitant replacement of water only If this major process is con- 
tinued, irrespective of the secondary processes, there will eventually be 
a lowenng of the chlonde level below the normal range It is our belief 
that when a cntical level for the chlondes is reached in worlang individuals 
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muscle cramps will occur It seems likcl> that the cntical chloride lex cl 
IS a function of indixidual susceptibility, acclimatization and the length 
of the prodromal period 

TRn^XTMEVT AND PRCVENTION 

If the cause of heat cramps is essentiallj a loss of salt and water from 
the body tissues then treatment should proxidc for restoration The 
most rapid replacement of salt and water is by means of intrax'cnous 
saline solution In our study only sodium chloride was used A larger 
number of cases would hax'e enabled us to use other salts m treatment 
A control study with glucose infusions without salt would likewise hax'c 
been desirable In addition to the saline infusions an exclusive milk 
diet xxas gixen during the first 24 hours This simple regime was highly 
satisfactorj' in all of the cases 

It IS possible to prevent cramps by providing a daily supply of salt 
greater than that lost in the sweat This amount may be determined 
bj knowing the approximate amount of chlonde excreted in a 24-hour 
unne specimen In our expenence less than 3 grams of salt per day in 
the unne does not proxnde for a satisfactory margin of safety A high 
salt diet may be provided in a number of w ays Fresh coxv’s milk has an 
ax'erage salt concentration of about 0 3 per cent and this provides fluid 
as x\ ell as salt The w orkers of South Metropolitan Gas Co , Great 
Bntain (25), are gix'en a saline dnnk of 0 012 per cent KCl and 0 018 per 
cent NaCl The number of heat cramp cases has been reduced since this 
regulation became effectix'e Salted dnnking water (sodium chlonde 
0 25 to 1 0 per cent) has been used successfully m prevention of heat 
cramps among soldiers in the U S Army (26) Barley w ater and salted 
beer are used by certain local groups of colliers in England It is possible 
that no salt need be taken between meals if the food is liberally salted at 
meal times The necessary amount of salt to prevent cramps is a func- 
tion of the individual’s susceptibility and of the amount lost in the sweat 
at a gix en temperature 

The authors are deeply indebted to Dr Wales Haas, Surgeon-in-Chicf 
of the Six Companies Hospital, whose interest and cooperation made this 
w ork possible 

SUMMARY 

This paper is a clinical descnption of five cases of heat cramps xxith a 
chemical studv of the blood and unne The hypothesis is advanced that 
the etiologic factor is a loss of base, chlondes and w ater from the body 
pnnapallv bv wav of the sweat glands without adequate replacement of 
the same It is obvnous that heat cramps is essentially an occupational 
disease and an industnal hazard is created by the assoaation of hard 
wo'k, high external temperatures and profuse sweating 
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PROTOCOLS 
Case 1 

Mr J F , a raarned white man of 42, entered the hospital on June 24, 1932, 
complaining of vomiting for 3 days and generalized muscle cramps for 12 
hours 

Past history Born in No\a Scotia, he has lived for the past 28 years in 
southwestern United States He has never been in the tropics, has ne\ er noted 
any ill effects of heat, and prefers summer to winter He perspires freely in a 
■vs arm or hot environment and his skin tans easily He came to Boulder City 
June 6, 1931, and has worked since that time in the Machine Shop situated on 
the edge of the city He drank at least two quarts of milk daily dunng the first 
four months of his employment in the summer of 1931 In the fall his family 
moved to Las Vegas and he had virtually no milk after that time He is a 
light meat eater, preferring fruits and vegetables and not especially addicted 
to the use of salt. 

Present illness Three days ago he began to vomit and, while the vomiting 
has diminished in seventy, only a small amount of food and fluid has been 
tolerated during this penod Twelve hours ago cramps in the muscles of his 
legs first appeared and since then they have caused pain in his arms, hands, and 
abdominal wall Change of position will generally bnng on cramps in the parts 
mo\ed, although deep pressure or palpation is not painful He voided small 
amounts of urine twice during the twenty four hours before admission He 
has continued to perspire freely in spite of the low fluid intake 

Physical examination Temperature, 99 6® F pulse, 88, respiration, 16 
blood pressure, 130/84 The examination was essentially negative The eye 
grounds were normal Chvostek’s and Trousseau s signs were negative No 
fibnllary twitchings were seen 

Diagnosis Heat cramps 

Treatment He was given, during the first 24 hours, two hypodermoclyses 
of 1500 cc of normal saline and was allowed to drink 3000 cc of milk He 
received no other food or fluids 

Course The cramps ceased after 6 hours He was sent home on the 3d 
day on a diet containing a minimum of one quart of milk daily He resumed 
work the third day after discharge Frequent follow ups revealed no muscle 
soreness or cramps during the next two penods of hot weather 

Case 2 

Mr W E T , a single white male of 39, entered the hospital June 25, 1932 
complaining of right sided headache and weakness m the legs of a few minutes 
duration 

Past history He had served in the Navy during the World War and during 
the past year had several radical operations on his sinuses in the Veterans 
Hospital in Los Angeles He had been discharged from the hospital only one 
month when he was given a job on Hoover Dam He had never lived or 
worked in a hot climate previously and had worked only two hours the first 
day of employment when he stopped because of the above complaints His 
daily intake of milk was over one quart 

Present illness He had been working only two hours when he was forced 
to stop because of a severe nght sided headache and a weakness of his legs He 
did not have any muscle cramps 

Physical examination Temperature, 98 4® F pulse, 88 The scars from 
the previous sinus operations were the only findings of note The reflexes were 
not altered 
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D.c;;? os!S Mild heat prostration 

Trcaltrcht He v.as gi\en, dunnp the 24 hours in the hospital, one h\po- 
dermodjsis of 1000 cc and v.as allowed to dnnk milk ad libitum 

Co.irsi He had no complaints after going to bed His course through the 
summer was not followed as he did not return to work 

Case S 

Mr H P , a single white man of 42, entered the hospital June 27, 1932, 
complaining of \omiting and weakness for 12 hours 

Past history He had lued from 1908 to 1910 in the Philippine Islands as a 
soldier in the United States Arm> He had muscle cramps many times when 
working in the heat The cramps were transitory and persisted no more than 
a few minutes with no therapv other than that of stopping work He did not 
ha\e ana sjmptoms of heat stroke or heat exhaustion From 1922 to 1928 he 
worked in a stbel rolling mill in the United States and would ha\e mild cramps 
at frequent intervals He came to Boulder City in March, 1932, and has had 
mild muscle cramps three times since These were in the calves of the legs or 
insteps of the feet He has had no cramps for 3 weeks His diet includes two 
glasses of milk daily A warm climate is preferred to a cold one, his skin burns 
or tans depending upon the gradation of exposure to the sun and he perspires 
freelj 

Present ilh ess The patient was aware of the relatively high atmospheric 
temperature on the da> preceding admission He perspired freely and was 
aware of an increased water intake at work on this day During the night he 
vomited several times and felt weak He did not have muscle cramps 

Physical examination Temperature, 98° P , pulse, 88 Slight tenderness 
in the epigastnum was the most important ph>sical finding 

Diagnosis Mild heat prostration 

Treatment He was given, during the first 24 hours, two intravenous in- 
fusions of 1000 cc of normal saline and was allowed a diet exclusively of milk 

Course He did not vomit after admission to the hospital and was dis- 
charged the following da> A follow-up report 6 weeks later showed no s>mp- 
toms since leaving the hospital 

Case If 

Mr W R, a divorced white man of 42, entered the hospital on July 6, 
1932, complaining of gas on the stomach and precordial pain radiating to the 
interscapular region 

Past } istory Born in Kentucky, he has lived in the west for the past 10 
vears For 22 years he has been cmploved as a miner at frequent intervals 
In 1919 and 1920 he worled in the Texas oilfields in very hot weather without 
anv ill effects directly attnbuted to the heat Fifteen years ago he had a dizzy 
spell accompanied bv slight cardiac pain This was very mild and he has had 
no cardiac complaints at anv time since He came to Boulder City in March, 
1932 and since that ume has worled in the tunnels 

Present tllress The past w cel -end he went on a mild alcoholic bout and 
returned to worl the day of admission Soon after starUng worl he had gas 
on hiE stomach followed by a short penod of delinum On partially recovering 
from the dclinum he complained of mild precordial pain radiating to the inter- 
scapular region and fear of impending death When he was brought to the 
ho'pita! he was roildlv delirious 

Pr^s-cal exam rc'ior Temperature 99 E’ F . pulse, 98 respiration, 24 
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blood pressure 132/84 There was mild dyspnea, precordial hyperesthesia, and 
the heart sounds were weak but no murmur or rub was heard 
Diagnosis Heat cramps of myocardium? 

Treatment He was given, during the first 24 hours an intravenous infusion 
of 1000 cc of normal saline in 5 per cent glucose and was allowed to dnnk 
2000 cc of milk He received no other food or fluids 

Course The patient was discharged after 24 hours and left Boulder City 
There is no follow up report available 

Case 6 

Mr R F , a single white man of 33, entered the hospital on July 8, 1932, 
complaining of severe pain in the calves of his legs for 2 hours 

Past history Born in Tennessee he has lived the past 3J^ years in the 
southwest He has ne\er complained of any ill effects of heat and prefers sum 
mer to wnter He drinks a great deal of water and perspires freely in the heat 
Since coming to Boulder City 4 months ago he has worked in the tunnels 
He drank 2 to 3 pints of milk daily until 2 weeks ago, at which time he stopped 
because of dislike for it In recent years he has not added salt to his food at 
the table 

Present illness Ten days ago he had a mild gastnc upset from which he 
believes he has not fully recovered He drank a small amount of beer over the 
holiday week end The night before admission he had slight tingling in the 
fingers and cramps in the leg muscles About one hour after starting work on 
his second shift since the holidays, he became dizzy and vomited The day was 
very ^^arm and the profuse sweating was followed by consumption of large 
amounts of water The patient complained of such severe pains in the legs 
that the ambulance attendant reported the case as traumatic 

Physical examination Temperature 101 0® F pulse, 88 blood pressure, 
128/82 A palpable spleen was the only abnormal finding The reflexes ere 
normal and no tenderness or fibrillary twitchings of the muscles were elicited 
Diagnosis Mild heat cramps 
Treatment A high milk diet was the only order 

Course There was no recurrence of cramps and he was discharged after 
3 days He \^orked for 2 weeks without any symptoms, but decided he needed 
a rest so he went to his home in Tennessee for the remainder of the summer 

Case 6 

Mr G D , a married white male of 38, entered the hospital on July 9, 1932, 
complaining of muscle cramps and vomiting for 3 hours 

Past history Born m California he has spent a long part of his life in a 
warm country From 1920 to 1925 he was in Panama, while in recent years he 
has been working in Imperial and Death Valleys California, without any ill 
effects of the heat He came to Boulder City only 3 days ago and has worked 
outside on the Arizona Spillway for 2 days 

Present illness The day before admission he felt badly at work but a 
headache was the only specific complaint He was slightly constipated and 
took a laxative with a good result some hours after He obtained a good rest 
on the night before admission but felt badly on going to work Muscle cramps 
m the arms legs and abdomen forced him to stop work and after vomiting 3 
times he was sent to the hospital On admission he complained of severe 
headache in addition to the cramps 

Physical examination Temperature, 99 8® F pulse, 83 blood pressure 
118/68 The physical examination was negative 



54S 


nn.\T CRAMPS 


Dic^rosis Severe heat cramps 

Trednert He was given an intravenous infusion of 1000 cc of normal 
saline in 5 per cent glucose and was allowed a high milk diet 

Co irsc He had no complaints after 6 hours and nc\t morning felt well 
enough to go back to worl He was discharged on the third da> and returned 
to work the fourth da> after admission For 10 da>s he was s>mptom-frcc on 
a high salt and high milk diet On the tenth da> he fell while scaling a cliff, 
injuring his lumbar spine, and he did not return to work the remainder of the 
summer 

Case 7 

Mr J C , a single white male of 38, entered the hospital on July 23, 1932, 
complaining of cramps for 5 hours 

Past history He was born in California and has lived for many years in a 
warm climate From 1912 to 1914 he was stationed as a soldier in the Philip- 
pines and the onlv sickness there was dysentery In 1929 he had mild muscle 
cramps w hile w orking in a hot climate There w as no recurrence He came to 
Boulder City the day before admission and had only worked the first shift 
In the heat he perspires very freely and has a large water intake 

Prcscrl ilhiess Three hours after commenang work he began to have 
muscle cramps, first in the left hand, spreading to the legs and abdominal 
muscles He noted slight nausea but no vomiting or diarrhea There was a 
slight frontal headache His water intake was large in amount 

PI jsxcal cxaviinalwn Temperature, 98 6° F , pulse, 84, blood pressure, 
122/84 There was no muscle tenderness and no twitchings were seen The 
biceps reflex was bilaterally increased The other reflexes were present and 
responded normally 

Diagnosis Severe heat cramps 

Treatment He was given, shortly after admission, an intravenous infusion 
of 1000 cc of normal saline in 5 per cent glucose His diet during the hospital 
stay was milk alone 

Course The cramps ceased after 4 hours, and he was discharged the next 
morning Two weeks after return to work he continued to be free of cramps 
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The study of gastnc pepsin has failed to receive adequate considera- 
tion for several reasons, but mainly because of the lack of technic for 
obtaining reliable measurements We investigated the method onginally 
proposed by Gates (1) and more fully elaborated by Gilman and Cowgill 
(2), and found it to be accurate and highly satisfactory In fact, it is 
more accurate than is needed in clinical practice We have used this 
method, with slight modifications, in the investigations reported in this 
and the following paper The details of the technic can be obtained from 
the onginal article by Gilman and Cowgill (2) In this method one 
measures the rate of digestion of gelatin from an exposed and developed 
photographic film As digestion proceeds, the silver granules m the gela 
tin are liberated, and the resulting decrease in opacity of the film is taken 
as a measure of the digestion which has occurred 

TECHNIC 

We use, for the digestion, a cell 11 mm in diameter and 1 2 mm in 
depth turned out of sheet bakehte on a lathe Its capacity is approx- 
imately 0 S cc The solution to be tested, diluted with an equal volume 
of glyane hydrochlonc acid buffer of pH 2, is placed in the cell A small 
square of the prepared film is then laid over the top of the cell and this 
IS covered by a glass square The whole is clamped together by means of 
a spnng clothes pin and placed in a water bath the temperature of which 
IS maintained at 25° C After fifteen minutes the film is removed, 
washed, and dried, and the change in opaaty is determined with a color 
imeter The standard for comparison is a freshly prepared suspension of 
colloidal silver The index of peptic digestion is obtained by the use of a 
nomogram as described by Gilman and Cowgill (2) 

' Fellow Josiah Macy, Jr Foundation, on duty at The Mayo Foundation, 
Rochester, Minnesota 
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7 Lc Unit of Mcasurcmenl 

\Vc have not found it necessary to conduct the dclerminaltons in 
triplicate because of the close agreement of duplicate determinations 
Softening of the film due simply to moistening with the solution causes 
an error of appro\imately 70 units which must be subtracted from each 
determination Since films prepared at different times may differ slightly 
in this respect, it is well to determine the correction for each lot of film 
prepared 

The unit of pepsin arbitrarily established by Gilman and Cow gill 
represents the proteolytic activity of a 1 1,000,000,000 solution of a 

theoretically pure pepsin They arrived at this unit by assuming that 
a 1 per cent solution of Armour's 1 10,000 pepsin powder contains 1,000 
units 

Because of possible vanations m the strength of different lots of the 
commercial pepsin used it is well always to standardize each new lot 
against the one prevaously employed It has been our experience that a 
solution of commercial pepsin is not sufficiently stable to be used from day 
to day The standard must therefore be prepared each time determina- 
tions are to be made The pepsin m the gastric contents of man and dogs 
IS much more stable, and retains its strength for at least a week if kept at 
ice box temperature 

Before taking up a systematic study of gastric pepsin in various dis- 
eases it was necessary' first to determine the best conditions for obtaining 
the juice for analysis First we studied the residuum aspirated m the 
morning, before taking food or dnnk, but we found the concentration of 
pepsin in such juice so variable that single determinations had little value 
Actually in specimens from twenty-four normal, fasting persons it varied 
from 5 to 1,930 units, with an average of 3S8 units This extreme v'an- 
ability is doubtless due to the v'anation in the size of the fractions of 
swallowed saliva, regurgitated duodenal secretion, and gastnc juice which 
make up the matenal obtained In subsequent work we used gastric 
contents removed one hour after the taking of eight arrowroot cookies 
and 400 cc of water We examined, m this v\ay, juice from eighty-five 
persons whom we believed to be normal inasmuch as they had no com- 
plaint referable to the upper part of the digestive tract, or disease w hich 
might affect gastnc secretion Considerable vanation existed in the 
content of pepsin, the value ranging from 0 to 580 units The modal or 
most tv'pical value was about 100 units The anthmetic mean was 
distinctly higher than this, due to a few high readings For the entire 
group the mean was 145 units, with a standard deviation of 125 units 
From Figure 1 it can be seen that the men had slightly higher values than 
the women This is in accord with the higher aaditj in males v hich has 
previouslj been demonstrated (3) Although the vanabilitv in the read- 
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mgs obtained after an Ewald type of meal is high, it is considerably less 
than that found with juice of fasting subjects 

An effort was made to determine the range of vanation in repeated 
estimations in the case of one individual Eight determinations made on 
successive days in a case of pseudo ulcer associated with high pepsin 
readings ranged from 610 to 1,930 units, giving a mean value of 1,175 
and a standard deviation of 480 units In this case seventeen estimations 
of pepsin in the fasting juice ranged from 410 to 2,530 units, giving a 



Units of pepsin 


Fig 1 Distribution of Concentrations of Acid and Pepsin after Ewald 
Type of Test Meal in Eighty five Normal Persons 
The brackets indicate normal limits (or aad and pepsin 

mean of 1,319, and a standard deviation of 592 units Repeated tests 
on the gastric residuums from a group of twenty three patients, and a 
similar study of juice obtained after test meals given to three patients 
showed somewhat less vanability In the face of such marked vana 
tions in the values obtained from one person when examined on several 
days. It IS obvious that before one can call any reading abnormal it must 
be well beyond the range of normal figures 

Effect of Contamimnts 

Before one can evaluate differences in concentration of pepsin it is 
necessary to know what effect, if any, is likely to be produced by the 
presence of a number of common contaminants of the gastric juice The 
necessary investigations were made both in vitro and in wvo The sub 
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stances which we felt might be of some importance becau'^e of their fre- 
quent occurrence in gastnc contents were bile, bilirubin, mucin, blood and 
its se\eral constituents such as plasma, scrum, erj throcjtes and crjstal- 
hne hemoglobin, protein m the form of egg albumen, and peptones As 
can be seen in Table 1, all of these substances caused more or less reduc- 
tion in peptic actmtj 

TlDLr 1 


Tie rfect oj •^anous substarers on lie activity of pepsm solution * 


After adding 

Lnlt^ 

Dried bilc (0 5 cc ) 

59 

Bilirubin (20 mgm ) 

92 

Mucin (SO mgm ) 

SI 

Dned plasma (0 5 cc ) 

150 

Dncd plasma (0 5 cc ) 

127 

Dried scrum (0 5 cc ) 

90 

Washed ervthrocytcs, dried (0 1 cc ) 

100 

Crystalline hemoglobin (50 mgm ) 

152 

Egg albumen (20 mgm ) 

163 

Egg albumen (30 mgm ) 

70 

Hard boiled egg in one mass (50 mgm ) 

272 

Hard boiled egg finely di\ idcd (50 mgm ) 

100 

Witte’s peptone (20 mgm ) 

132 

V\ ittc's peptone (50 mgm ) 

OS 


* In encli c\pcnmcnt a weighed amount of the substance to be tested was 
added to 1 cc of a solution of pepsin, the actiMty of which corresponded to SOO 
units The figures represent the depressed \ allies obtained after incubation 
The amount of injury' to pepuc actuiU was represented in eacii case by the 
dificrence between the reading obtained and 500 

It IS often stated in the literature that the presence of blood in the 
gastnc contents will decrease proteolytic actnity', and that this is due to 
an antipepsm Table 2 shows that the ingestion of blood markedly 
lowered the proteolytic power of gastnc contents, but this effect was 
followed by a stimulation of secretion which soon compensated for the 
preliminary drops Since a similar effect was produced by raw liver, and 
also b\ beef ex-tract, it is doubtful if the decrease of peptic actnity in the 
presence of blood is due to a specific antipicpsin The same decrease may 
be found in \atro after the addition of crystalline hemoglobin or other 
fairh pure constituents of the blood (Table 1) The degre'C of reduction 
in actiMty seems to be roughly a function of the amount of organic ma- 
tenal added The possibility presents itself that the decrease may be 
due simply to an adsorption which results in the remo\al of pepsin from 
solution 

As is well known, the effect of raising the pH is to reduce peptic ac- 
tiMtx, and an alkaline reaction actually destroys much of the ferment 
The effect of alkali wnen taken into the stomach of a human being is 
cho in in Tab’c 2, axpenment 5 Follow mg the ingestion of t" o Sippy 




A E OSTERBERG, P R VANZANT AND W C ALVAREZ 


555 


TVDLE 2 

Exptnments ik vtvo on a palie.nl vnth a high pephc value 


Expenment 1 

Units 

Fasting speamen 1410 

Thirty minutes after ingestion of S cc of dned cow s blood in capsule 620 

Sixty minutes after ingestion of 5 cc of dned cow s blood in capsule 510 

Ninety minutes after ingestion of S cc of dned cow s blood m capsule 820 

One hundred twenty minutes after ingestion of 5 cc of dried cow s blood m capsule 820 

E‘«periment 2 

Fasting specimen 1850 

Thirty minutes after ingestion of 10 cc of human blood 184 

Thirty mmutes after ingestion of second 10 cc of human blood 910 

Experiment 3 

Fasting specimen 1520 

Thirty minutes after ingestion of Liebig extract 484 

Sixty mmutes after ingestion of Liebig extract 1320 

Ninety minutes after ingestion of Liebig extract 810 

One hundred twenty minutes after ingestion of Liebig extract 1520 

Experiment 4 

Fa-ting specimen 950 

Thirty mmutes after ingestion of 60 grams raw liver 165 

Sixty mmutes after ingestion of 60 grams raw liver 420 

Ninety mmutes after ingestion of 60 grams raw liver 514 

One hundred twenty mmutes after ingestion of 60 grams raw h\er 734 

Experiment 5 

Fasting specimen 2040 

Thirty minutes after ingestion of two Sippy tablets 180 

SLXty mmutes after ingestion of two Sippy tablets 1200 


tablets, containing a total of 30 grains (2 grams) of calcium carbonate and 
20 grams (1 30 gram) of sodium bicarbonate, peptic activity was markedly 
decreased, and the return to the previous reading was slow This depress 
mg effect of the alkali was the more striking because the expenment was 
performed on a subject whose normal peptic activity is unusually marked 

SXJMMARY 

It has been found that the Gates method (1) as modified by Gilman 
and Cowgill (2) gives accurate and reproducible values for the proteo/ytic 
activity of a specimen of gastric contents 

The vanability in readings obtained when successive specimens of 
fasting residuum from the same subject were used was so great as to de- 
stroy their clinical value More consistent results were obtained with 
juice obtained after an Ewald type of meal Standards of normal for 
pepsin after this type of test meal are published in this paper 

Bile, mucin, blood proteins, albumin, peptones, and alkalies markedly 
reduced peptic activity The fact that these substances may modify 
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peptic actmty must be kept in mind in making a clinical study of gastric 
pepsin 
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STUDIES OF GASTRIC PEPSIN II SECRETION OF PEPSIN 
IN CASES OF DUODENAL ULCER AND PSEUDO-ULCER 
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Few articles on concentration of pepsin in the gastric juice of patients 
with disease of the stomach and duodenum are to be found in recent liter- 
ature, and the results reported by different observers are not always in 
accord We shall consider here only the concentration of pepsin in the 
gastric juice of persons suffering with the syndrome of peptic ulcer 

Wilcox (5), in 1908, reported that the concentration of pepsin in the 
gastric juice of persons with peptic ulcer and hyperacidity was usually 
higher, and never lower, than normal Boas (1), in 1925, and Hirsch- 
Mamroth and Rindfleisch (3) likewise found that the concentration of 
pepsin was elevated in the presence of ulcer, provided blood was not 
present in the sample examined, but they quoted other workers who at 
times failed to find any increase Polland and Bloomfield (4) reported 
that the range of concentration of pepsin was the same in patients with 
ulcer as in normal persons 

We have estimated the concentration of pepsin by a modification of the 
Gilman Cowgill method (2), described in the preceding article (6) As an 
arbitrary standard of measurement a 1 per cent solution of Armour’s 
1 10,000 commeraal pepsin was assumed to contain 1,000 units 

In the greater part of the investigation we examined gastric contents 
removed one hour after the ingestion of a test meal vhich consisted of 
eight arrowroot cookies and 400 cc of water We also determined the 
content of pepsin in the juice removed from the stomach in the morning, 
before breakfast Although the same general conclusions may be drawn 
from studies of contents removed after a test meal and of jmce from the 
fasting stomach, it is necessary to consider the results obtained with the 
two technics separately because of differences observed in the absolute 
values for pepsin 

Duodenal ulcer 

The diagnosis of duodenal ulcer was made m 274 cases on the basis 
of the history and fluoroscopic examination In fifty seven cases the 
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Tig 1 The Distribution OF Acid AND Pepsin IN Healiod Duodenal UtcrR 
The bracket indicates limits of normal 

diagnosis \\ as verified at operation In fifty-one of the 274 cases a diagno- 
sis of duodenal ulcer had been made, the duodenal cap was still deformed, 
but s^ mptoms of ulcer had not been present for a number of years Most 
of the pepsin readings m these cases of presumably healed ulcer (Fig 1) 
fell within normal limits, but the arithmetic mean was 252 units as com- 
pared with 145 units for the normal group (Table 1) 

TABLE 1 
Excald itsi Tntal 




N timber 
of ca'ts 

Pepsin fn 
units 

Frre add In terms 
of cc of nomnl 
sodium h>droiIfle 

'Icar 

Standird 

deviation 

Mean 

Standard 

deviation 

Normal 

85 

145 

125 

34 2 

12 8 

Duodenal ulcer entire group 

274 

3S8 

343 

55 5 

18 0 

Healed 

51 

252 

209 

47 2 

188 

Mild 

29 ! 

292 

334 

54 9 

18^ 

Moderate 

92 


312 

55 3 

16 2 

Sc\ere 

28 

S24 1 

505 

62 2 

172 

Surgical 

77 

Eg| 

300 

58 9 

170 

HemoThagic tj-pc 

17 

443 

272 

63 8 

; 14 2 

Mulap'c ulcc*^ 

15 

398 

2ii 

61 1 

[ 158 

Peretrattrg t\-i>e 

25 

407 

233 

62 1 

164 

Ob< nicting tj-pe 

1 n 

19S 

116 

51 1 

14 2 

Gas'rc ulcer 

13 

230 

173 

463 

196 

Llcers tecumrg after opemtion 

18 

476 

341 

55 2 

20 8 

Pfeudo-ulce- 

47 

467 

3S4 

49 6 

180 
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In the remaining 223 cases the patients complained of active symptoms 
of duodenal ulcer The mean value for pepsin presented by these pa- 
tients was 419 units, which is appro'amately two and five-tenths times the 
mean value for normal persons The readings for pepsin in many cases 
fell far outside the normal limits 

We next looked to see if there might be a difference between the 
average concentration of pepsin in cases of mild and severe ulcer The 
difficulty, of course, was to find satisfactory cntena for division of the 
cases into groups We finally decided to classify the cases according to 
the treatment which was required We classified as mild those cases 
in which the symptoms were so trivial and so easily controlled that no 
treatment of any land was indicated, and as moderately severe that large 
group in which medical treatment gave relief The mean value for pep- 
sin in the group with mild symptoms was 292 units, only slightly higher 
than that found among patients with healed ulcer, in the group of pa 
tients with more serious trouble it was 332 units (Fig 2) 
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Units oF pepsin 

Fig 2 The Distribution of Acid and Pepsin in Duodenal Ulcer of 
Moderate Severity 
The bracket indicates limits of normal 

We considered as severe those cases in which symptoms persisted in 
spite of the most careful treatment in the hospital Almost all of the 
values for pepsin in this group fell outside the limits of normal (Fig 3), 
and in many instances very high readings were obtained The mean 
value was 824 units, more than two and five tenths times that seen in the 
ordinary case of duodenal ulcer, and nearly six times that seen in normal 
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persons In this group we did not include cases in which there was hem- 
orrhage or a tendenc>’ to perforation because such complications iisunlK 
constituted indications for surgical treatment \\ e did include man\ of 
those cases in which the patient was of a tense, nenous, "go-getter” 



Units of pepsin 


Fig 3 The Distribution or Acid and Pepsin in Severe Duodenal Ulcpr 
The bracket indicates limits of normal 

type, the sort of patient whom gastro-enterologists and gastnc surgeons 
hate come to recognize as a poor subject for cither medical or surgical 
treatment It was in this t\pe of case that the highest readings were 
obtained 

Set enty-seven patients w ere advised to submit to surgical treatment 
either because of the presence of some complication or because of the 
chroniaty or intractability of the disease In this group the average 
V alue for pepsin w as 423 units, or about 100 units higher than the average 
for the medically treated patients 

On analvzing the surgical cases we found a hemorrhagic t>pe of ulcer 
in seventc-en, multiple ulcers in fifteen, and penetrating ulcers in twenty- 
three cases In these three groups the values for pepsin were somewhat 
higher than among patients who had a less serious form of the disease 
The mean for bleeding ulcers was 443 units, for multiple ulcers it was 39S 
units, and for penetrating ulcers it was 407 units Among the group of 
patients treated surgicallj there w ere clev en w ith some cicatricial obstruc- 
tion at the pvloois In most of these cases the ulcer was chronic, in 
some It appeared to be healed In the cases m v hich there v as moderate 
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obstruction the mean value for pepsin was even lower than in the group 
of patients classed as having healed ulcers, namely, 198 units It should 
be noted here that all cases of ulcer in which there was gross retention of 
gastnc contents were excluded from this study This was to avoid the 
complication of marked dilution of the gastric jmce 

Fasltng juice We estimated the concentration of pepsin in the fast- 
ing juice of forty patients with duodenal ulcer They were divided into 
two groups first, those with mild, and second, those with intractable, 
ulcer It was found that the twenty four who responded readily to 
treatment had an average value for pepsin of 537 units, as compared with 
388 units for normal persons, those with severe symptoms had an average 
of 1,592 units (Table 2) It is evident that the pepsin in the fasting juice 


TABLE 2 
Fasting jutce 


Diaenosls 

Male 

Female 

Pepsin units 

1 

Free IICI* 

Mean 

Standard 
deviation ' 

Mean' 

Standard 

deviation 

Normal 

13 

11 

388 

524 

13 

WM 

Moderately severe ulcer 1 

18 

6 

537 

617 

27 


Severe ulcer j 

16 


1592 

1020 

43 

HI 


* In terms of cc of normal sodium hydroxide per liter 


with the different types of ulcer vanes m the same way that it does in 
the juice after a test meal, except that the actual values are higher and 
the individual variation is greater 

Pseudo ulcer 

A study was made of values for pepsin in a group of forty seven pa 
tients who had symptoms sufficiently suggestive of ulcer to justify gas 
tnc analysis and fluoroscopic examination of the stomach In every case 
the presence of atypical features in the history and the inability of the 
roentgenologist to detect any deformity in the stomach or cap caused 
the clinicians to make a diagnosis of pseudo ulcer The spot diagram 
(Fig 4) shows that the distnbution of values for pepsin is similar to that 
in cases of ulcer and that some figures are so high as to resemble closely 
those found in the presence of the most intractable ulcer 

In many of the cases there was close correlation between the concen- 
tration of pepsin in the stomach and the seventy of the symptoms Just 
as m the case of patients with actual ulcer, there was staking correlation 
between the amount of pepsin and the degree of tenseness and nervous 
activity shown by the individual 
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In SIN cases m which the diagnosis of pseudo-ulcer was confirmed b\ 
the inabilitN of the surgeon at the time of operation to find an ulcer, 
determinations of pepsin made on fasting juice disclosed an a\ erage \ aluc 
of 880 units as compared to the normal mean fasting ^ alue of 388 units 
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Units of pepsin 

Fig 4 Distribution of Acid and Pepsin in Pseudo-Ulcer 
The bracket indicates limits of normal 

Gastric ulcer 

The diagnosis of gastric ulcer was made m thirteen cases on the basis 
of roentgenologic examination or surgical exploration The mean value 
for pepsin was 230 units, which is slightly higher than normal 

Recurrent and gaslrojejunal ulcers 

There were eighteen patients who, after an operation for relief of 
peptic ulcer, returned w ith a new ulcer, either in the duodenum or at the 
stoma made by gastro-enterostomy The mean value for pepsin was 
476 units This figure is about one-third higher than that found by us 
in examination of patients with duodenal ulcer for whom operation was 
advnsed The fact that in many of these cases the gastric juice was di- 
luted by intestinal juice regurgitating through the gastro-entcric stoma 
makes it seem probable that the secretion of pepsin was even greater 
than the figures would indicate It is of interest that the remaining part 
of the stomach of one of these patients v ho had undergone extensivx 
gastric resection secreted enough pepsin to push the concentration up to 
850 units 
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The study of pepsin is of more clinical value than the study of acid 

We were led to a study of gastric pepsin by the fact that measurement 
of acid has so far been of so little decisive clinical value The question 
now IS Will the differences which we have found in the secretion of pepsin 
in different diseases be of any more value than are the measurements of 
acidity? Several of the early workers felt that there is such a high degree 
of correlation between the acid and the ferment that little advantage can 
be gained from determining pepsin except in those cases in which it is 
desirable to distinguish between achlorhydria and true achyha Our 
observations lead us to disagree with this view Although it is true that 
high concentrations of pepsin are commonly associated with hyperaadity, 
and low concentrations with hypoacidity, the rule is by no means invari 
able, as the coefficients in Table 3 show 


TABLE 3 

Relation between concentration of pepsin and free hydrochloric acid in gastric juice 


Fasting juice 

Nonnal persons 
Patients with duodenal ulcer 
Juice obtained after Ewald test meal 
Normal persons 
Patients with duodenal ulcer 
Juice obtained after stimulation by histamine 
Patients with duodenal ulcer 


Correlation coefficient 

0 72 ±011 
0 85 ± 0 12 

0 51 ±0 08 
0 65 ± 0 13 

0 60 ±004 


The fact that these coefficients are far from unity shows that often 
the acid titer and the amount of pepsin do not vary in the same way 
or to the same degree When this happens the way is left open for the 
possibility that a study of the pepsin, another constituent of the gastnc 
]uice, will give information of chnical value which was not supphed by 
titration of the acid alone 

A glance at Figure 5 reveals that although there are definite differences 
between the mean acidity of normal persons and that of patients with 
mild and with severe ulcer the distributions overlap so closely that in 
only a few cases will the physiaan be able to prophesy, from the gastric 
acidity alone, which ulcers will be hard to treat On turning now to the 
curves representing values of pepsin in the three groups of cases, one sees 
that there is less overlapping of the distributions and when one obtains a 
reading higher than 800 or 900 units in a case of ulcer, one can be almost 
certain that the ulcer will be difficult to cure Unfortunately it is not 
possible with the help of determinations of pepsin to distinguish patients 
with pseudo ulcer from those with real ulcer 

It should be noted, also, that whereas it is almost impossible for 
anyone to have a free acid titer more than twice the normal average, 
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Fig S Distribution of Pepsin and Acid in Normal Persons and in 
Patients ttiTii Mild and Severe Ulcer 

readings for pepsm occur from fifteen to twenty times the normal average 
It IS this w idening of the distribution of the measurements made m cases 
of disease, a w idemng that carries so many of the figures beyond the pos- 
sible range of normal, which makes us hopeful that the test will have 
decided value in clinical practice 

smiMART 

\^a!ucs for pepsin are usually increased in the presence of peptic ulcer, 
and there is a high degree of correlation between the amount of the fer- 
ment and the sevenU and intractability of the symptoms Unfortu- 
nately the determination cannot be used to prove the presence of ulcer 
because very high values for pepsin arc commonly found in cases in which 
patients are tense and nen ous, and present a sy ndrome resembling that of 
ulcer Its main value, therefore, seems to be in estimating the prognosis 
m cases of known ulcer 
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STUDIES OF UREA EXCRETION VIII THE EFFECTS ON 
THE UREA CLEARANCE OF CHANGES IN PROTEIN 
AND SALT CONTENTS OF THE DIET 

By CUTHBERT L COPE* 

{From the Hospital of the Rockefeller Institute for Medical Research, New York) 
(Received for publication January 14 1933) 

In the study of the effects of protein rich and protein poor diets 
on nephntic kidneys, relatively little attention has so far been paid to the 
changes in functional activity Indications suggesting that such changes 
exist are to be found in the observations of Addis and Drury (1) that the 
‘‘maximum urea clearance” can be slightly but definitely increased by a 
meal of protem-nch food, and in the recently published findings of Jolliffe 
and Smith (2) that in dogs fed on a cracker meal diet low in protein, the 
urea clearance is markedly lower than on a high protein diet 

It appeared desirable, therefore, to obtain more definite information 
concerning the effects of protein on the function of human nephritic kid- 
neys As cntenon of renal function, the standard urea clearance of 
Mailer, McIntosh and Van Slyke (5) has been employed The cases 
presented are unselected, except that those were discarded which showed 
evidence during the preliminary observational penod that activity of 
the nephritic process was causing a progressive lowering of renal function 
at the time, and also a few in which infections or exacerbations occurred 
dunng the expenmental penod and were likely to change the renal func- 
tion These two types of cases were excluded because they were subject 
to such rapid changes that it would have been difficult to tell whether 
functional changes under different regimes were due to change in regime 
or in renal pathology The patients used were those in which the renal 
condition appeared to be in a fairly steady state 

In order to obtain evidence of the effect of salt also on the urea 
clearance, similar studies were ciu-ned out with diets containing large and 
minimal amounts of sodium chlonde The salt vanation had no signifi- 
cant influence on the urea clearance We shall therefore not detail 
this part of the work, but merely record its negative results In one 
instance the ingestion of 6S grams of sodium chloride and its subsequent 
excretion at high concentration in the unne had no detectible influence 
on the urea clearance It was not found possible, by feeding diets poor 
in salt, to reduce the plasma chlonde to such low concentrations as are 
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Fig 1 Each Coluhn of Sttmbols Shows Standard Urea Clearance 
Values for an Individual Whose Mean Standard Urea Clearance on 
Normal Diet (about 7S Grams Protein per Day) is Recorded along the 
Lower Margin 

Ordinates represent clearance values expressed for each subject as percent- 
ages of his average clearance on a diet with 75 grams of protein 

o = values obtained on normal diet (75 grams protein per day), 

o = mean of these values, 

X = values obtained on low protein diet (40 grams protein per day), 

X = mean of these values, 

A = values obtained on high protein diet (120 grams protein per day), 

A = mean of these values 

per minute, as shown by the small crosses When the daily protein intake 
was increased to 120 grams the standard clearance rose once more to be 
tween 77 per cent and 94 per cent of the onginal mean, 1 e to between 
59 7 and 73 0 cc per minute, the individual clearances being indicated by 
the small triangles 

The figure shows that when renal function is unimpaired, or only 
slightly impaired by the nephntic lesion, as in the first 9 cases, the urea 
clearance is reduced by from 15 to 40 per cent by diminishing the protein 
intake from 75 grams to 40 grams per day Of the remaining cases, vith 
senously impaired renal functions, two showed a slight reduction of the 
urea clearance, about 10 per cent, and one was exceptional in having a 
urea clearance higher on the low protein than on a protein nch diet No 
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said by many French wnters to cause a nitrogen retention Diets which 
reduced the urinary NaCI output to less than 1 gram per day, however, 
were without effect on the urea clearance 

METHODS 

The usual methods of estimating and calculating the clearance have 
been employed (5) Urea in both blood and urine has been estimated 
gasometrically by the method of Van Slyke (7), in the former in 1 cc 
samples of whole blood obtained by venipuncture, in the latter in a volume 
of unne appropriate to the urea concentration anticipated Duplicate 
analyses made in all cases agreed within 1 per cent 

After admission to hospital and routine investigation each patient 
was kept for a week or more on a normal diet containing about 75 grams 
protein per day During this time urea clearance determinations, usually 
eight in number, were made with the patient in bed, for the dual purpose 
of obtaining average values for the individual on a normal diet, and of 
making sure that no marked spontaneous change in the urea clearance was 
taking place A diet containing 40 grams of protein per day was then 
given for at least five days before fresh clearance determinations were 
made These having been obtained, the protein of the diet was once 
more increased either to the original 75, or in most cases to 120, grams 
per day Rise of the urea clearance during this third penod m each 
of the recorded cases (except the anomalous Bo) was taken as evidence 
that the depressed clearance in the second period was indeed associated 
with the low protein diet, and was not an expression of a progressively 
destructive nephntic process active at the time 

RESULTS 

Thirteen cases of nephritis have been successfully examined in this 
manner, and the results are indicated graphically in Figure 1 All the 
clearance values obtained on a given individual are plotted in a single 
column The thirteen columns thus represent the thirteen cases studied 
and are arranged in order of decreasing renal function The figure at the 
bottom of each column is the mean standard urea clearance for that indi- 
vidual on a normal diet, expressed in cubic centimeters of blood per 
minute The individual clearance values obtained have been plotted 
as percentages of this figure Thus in each case an ordinate value of 100 
per cent represents the average standard urea clearance for that subject 
on a normal diet To take an example, the first column represents ob- 
servations on the patient M On a normal diet his mean standard urea 
clearance was 77 6 cc per minute Individual clearance determinations, 
plotted as small circles, varied from 112 per cent to 79 per cent of tins 
value On a low protein diet the urea clearance fell to between 5 1 per cent 
and 62 5 per cent of the original 77 6 cc , i e to between 39 6 and 48 5 cc 
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rise which followed urea ingestion, and was falling, and that the amount 
of urea formed from the food or glutamic aad was insufficient to check 
the fall m blood urea It appears probable, therefore, that the stimulus 
to increased blood urea clearance was something other than urea itself 
In this connection it is of interest that the hypertrophy of the kidneys, 
which many workers have produced by feeding a high protein diet, could 
not be fully duplicated by Osborne, Mendel, Park and Wintemitz (6) 
nor by MacKay, MacKay and Addis (4), by feeding urea alone, a fact 
which tends to suggest that such hypertrophy ajso is related to the stim- 
ulating effect of products other than urea formed from a protein diet 
There is, it is true, one gap in the experimental evidence required to 
confirm the application of this explanation to our results All the data 
available on men have been obtained by starting with subjects in ordinary 
protein nutntion, with the usual blood urea nitrogen levels of 10 to 16 
milligrams per 100 cc To obtaiii by urea administration the same blood 
urea changes that are produced by increasing the protein intake from 40 
grams to 75 or more grams, one would need to use subjects who had pre- 
viously been on a diet containing as little as 40 grams of protein If urea 
administration to such subjects did not stimulate a nse in the clearance. 
It would appear clear that the increased clearances obtained in our subjects 
by increased protein administration were not due to the accompanying 
nse in blood urea 

SUMMARY 

The urea clearance was not affected, in either normal or nephntic 
subjects, by variations in the sodium chlonde content of the diet 

Raising the protein content of the diet from 75 grams to 120 grams 
was also without consistent effect on the urea clearance 

However, lowenng the protein intake from 75 grams to 40 grams was 
accompanied by depression of the clearance in 11 out of 12 subjects jnth 
normal or nearly normal renal function In these subjects the clearance on 
the low protein diet was only 60 to 80 per cent as great as on the 75 gram 
diet 

In three patients with renal function below half normal, the clearance 
on low protein remained 90 per cent or more of the clearance on the 75 
gram diet 

In interpreting subnormal urea clearances as measures of renal func- 
tion, allowance should be made for the fact that on very low protein diets 
the lower limit of normal vanation may extend down to 50 per cent of the 
usual normal average, instead of to the 70 per cent minimum found under 
ordinary conditions (5) In subjects with markedly depressed function, 
however, the clearance appears to be relatively fixed, and little influenced 
by protein restriction 
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explanation of this anomalous case is offered In the remaining’ case, that 
of R, the low protein diet was not administered, as her plasma proteins 
were low and it was felt that such a regime would provoke a recurrence of 
the edema to which she was liable This case is included, however, 
because she showed a well marked rise in her urea clearance when the 
protein intake was increased to 120 grams per day 

The effect of high protein regime was more irregular than that of the 
low Of the eleven cases which had the high protein intake during the 
third penod, the clearances of four rose to well above the figures for the 
first or moderate (75 grams) protein diet period, those of three others 
returned to the original values, and those of a further three rose well 
above the low protein diet figures, but failed to return completely to the 
onginal level The remaining case Bo was again anomalous showing an 
effect precisely the reverse of the other twelve, her clearance being re- 
duced on the high protein diet 

DISCUSSION 

In 11 out of the 12 nephntic patients who have been examined a 
definite reduction in the urea excretory actmty of the kidneys has been 
demonstrable on a low protein diet, when this actinty has been estimated 
by the standard urea clearance test 

In this respect our data confirm the observations of Keutmann and 
McCann (3) which appeared when our expenmental work was neanng 
completion Keutmann and McCann studied 4 cases of hemorrhagic 
Bright’s disease, and found that the urea clearance was usually higher on 
high protein than on low protein diets 

In our cases, the effect of low protein diet in reducing the urea clear- 
ance IS relatively less when the renal activity is already seriously impaired 
by disease This fact is in accord with other evidences that the kidney 
shows a tendency to diminishing variability of actmty as .the nephntic 
lesion progresses Possibly in this instance it is due to retained metabo- 
lites stimulating the kidney to a sustained maximal effort 

In all cases the rise in urea clearance caused by increasing the protein 
intake was accompanied by a rise in the blood urea concentration How- 
ever, It appears probable that the kidneys are stimulated by some protein 
metabolite other than urea Moller, McIntosh, and Van Slyke (5) found 
that, when the urea nitrogen content of the blood was increased from the 
usual normal range of 10 to 16 mgm per 100 cc to two or three times as 
much by feeding urea, the clearance value was not affected Addis and 
Drury (1) found that, when the blood urea ivas first similarly raised by 
urea ingestion, and later a protein meal or 20 grams of glutamic acid was 
taken, the meal or ammo acid caused a definite decrease in the clearance 
The increase m clearance after food or glutamic acid occurred despite the 
facts that the blood urea had some hours before passed the peak of the 
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nse which followed urea ingestion, and was falling, and that the amount 
of urea formed from the food or glutamic and was insufficient to check 
the fall in blood urea It appears probable, therefore, that the stimulus 
to increased blood urea clearance was something other than urea itself 
In this connection it is of interest that the hypertrophy of the kidneys, 
which many workers have produced by feeding a high protein diet, could 
not be fully duplicated by Osborne, Mendel, Park and Wmtemitz (6) 
nor by MacKay, MacKay and Addis (4), by feeding urea alone, a fact 
which tends to suggest that such hypertrophy ajso is related to the stim 
ulating effect of products other than urea formed from a protein diet 
There is, it is true, one gap in the evpenmental evidence required to 
confirm the application of this explanation to our results All the data 
available on men have been obtained by starting with subjects in ordinary 
protein nutntion, with the usual blood urea nitrogen levels of 10 to 16 
milligrams per 100 cc To obtaiil by urea administration the same blood 
urea changes that are produced by increasing the protein intake from 40 
grams to 75 or more grams, one would need to use subjects who had pre 
viously been on a diet containing as little as 40 grams of protein If urea 
admimstration to such subjects did not stimulate a nse in the clearance, 
it would appear clear that the increased clearances obtained m our subjects 
by increased protein administration were not due to the accompanying 
nse in blood urea 

SUMMARY 

The urea clearance was not affected, in either normal or nephritic 
subjects, by vanations in the sodium chlonde content of the diet 

Raising the protein content of the diet from 75 grams to 120 grams 
was also without consistent effect on the urea clearance 

However, lowenng the protein intake from 75 grams to 40 grams was 
accompanied by depression of the clearance in II out of 12 subjects with 
normal or nearly normal renal Junction In these subjects the clearance on 
the low protein diet was only 60 to 80 per cent as great as on the 75 gram 
diet 

In three patients with renal function ielow half normal, the clearance 
on low protein remamed 90 per cent or more of the clearance on the 75 
gram diet 

In interpreting subnormal urea clearances as measures of renal func 
tion, allowance should be made for the fact that on very low protein diets 
the lower limit of normal vanation may extend down to 50 per cent of the 
usual normal average, instead of to the 70 per cent minimum found under 
ordinary conditions (5) In subjects with markedly depressed function, 
however, the clearance appears to be relatively fixed, and little influenced 
by protein restnction 
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A great deal of confusion has existed regarding the differential diagno 
SIS of Raynaud s disease, thrombo angiitis obliterans, and artenosclerosis 
Raynaud's disease affects, predominantly, young women, and because it 
is caused by vtisospasm is completely relieved in the uncomplicated case, 
by sympathetic ganglionectomy It need not be confused with thrombo 
angiitis obliterans and artenosclerosis with occlusion Arteriosclerosis 
with occlusion is usually found among elderly people, and since vaso 
spasm IS rarely, if ever, an element in the condition, it is not affected by 
sympathetic ganglionectomy Thrombo angiitis obliterans practically 
always affects young men, has an element of vasospasm, and many of the 
patients can be satisfactonly treated by sympathetic ganglionectomy 
Simple tests have been sought which would aid in differential diagnosis 
and which, by revealing the degree of vasodilation possible, would help 
to determine the suitability of these cases for operation, and, in some de- 
gree, indicate the probable prognosis Observations made on patients 
undergoing sympathetic ganglionectomy under general anesthesia re- 
vealed certain thermal changes which may prove of value in this connec 
tion 

With the use of general anesthesia, admimstered by inhalation, it was 
noted that extremities which were not denervated were temporarily re 
lieved of vasomotor spasm, and that there was definite postoperative 
clinical improvement of these extremities It was difficult to interpret 
this temporary improvement, but it was thought for a time that the entire 
sympathetic nervous system was reflexly or indirectly affected by opera 
tion on, or manipulation of, any part Adson (1) ventured the sugges 
tion that the general anesthetic probably influenced the entire sym 
pathetic nervous system by affecting the vasoconstnctor center in the 
diencephalon Morton and Scott (6) measured the changes in cutaneous 

* Read before the Central Society for Clinical Research, Chicago, Illinois 
November 4 1932 
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temperature caused by diiferent anesthetic agents and called attention 
to the different temperature gradients in the extremities of normal people 
They suggested the use of general anesthesia as a means of selecting cases 
suitable for sympathetic ganglionectomy, but concluded that it was not 
satisfactory Sheard, Rynearson and Craig (9) have shown experimen- 
tally that m dogs under anesthesia by inhalation, generalized vasodila- 
tion occurred and that this was not influenced by operation on the sym- 
pathetic system Also they showed that under general anesthesia the 
changes in the temperatures of intact and of sympathectomized extrem- 
ities, with variations m environmental temperature, were similar 

Herrick, Essex and Baldes (5), using a modification of the thermo- 
stromuhr method of Rein, have shown that following unilateral sympa- 
thetic ganglionectomy on dogs, the flow in the femoral artenes on the sym- 
pathectomized side was about twice as great as that on the intact side 
There was no outstanding difference between the readings of the two sides 
when, following the operations, these animals were placed under ether 
anesthesia Hence, it may be concluded that during surgical anesthesia 
by ether, there develops vasodilation of the vessels of the extremities as 
great as that following sympathetic ganglionectomy 

Thus, It would seem that dunng operations on the sympathetic nervous 
system under anesthesia by inhalation, there occurred certain physiologic 
changes which could be traced directly to the anesthetic, and which were 
not altered by removal of ganglia By observing the changes m cuta- 
neous temperature dunng operations under general anesthesia, certain 
important facts were obtained which we believe will prove of diagnostic 
and prognostic value in treating cases of penpheral vascular disease 

This study consisted of continuous observations of surface temperature 
of the extremities of subjects with Raynaud’s disease and thrombo-angiitis 
obliterans during the course of thoracic and lumbar sympathetic gan- 
glionectomy Repeated readings of temperature were made preopera- 
tively with the subjects at rest and with the room temperature at ap- 
proximately 24° C A portable electromotive thermometer, which is a 
modification of the ensemble described by Sheard (8), was used through- 
out the investigations The instrument used earned four thermocouples 
for application to the hands and feet By means of a rotary switch, any 
thermocouple could be placed in the circuit and the temperature indicated 
by each of the thermocouples could be read quickly and accurately on the 
micro-ammeter calibrated in degrees Centigrade The thermocouples 
were left in place during the entire course of the operation, so that graphic 
records were obtained of the changes in surface temperature of the ex- 
tremities as influenced by anesthesia alone and by the interruption of the 
sympathetic innervation to the extremities The operations were carried 
out under general anesthesia with nitrous oxide, oxygen and ether, or 
Qxygen and ether Regardless of induction and maintenance 
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with gas, oxygen, or ether administered by the drop method, the relative 
changes in the temperature curve were the same Observations of the 
blood pressure and pulse were made dunng this penod For a control 
study, similar observations of changes of surface temperature were made 
on subjects dunng the course of operation for other conditions 

The nse m surface temperature of the extremities of an apparently 
normal subject is illustrated in Figure 1 and represents a normal response 



Fig 1 Course of Thermal Changes in Hands and Feet of a PatiRnt 
WITH Apparently Normal Vasomotor Reaction to General Anesthesia 

R H , nght hand R F , right foot L F , left foot, and L H , left hand 

of vasodilation There was a relatively sharp and uniform rise in the 
surface temperature of all four extreimties, within the first ten minutes 
after the induction of anesthesia The maximal nse of surface tempera- 
ture occurred tvithin twenty to thirty minutes and remained constant for 
one hour, the pulse rate varied from 70 to 80 beats each minute, and the 
systolic blood pressure varied from 122 to 130 mm Hg and the diastolic, 
from 60 to 74 mm Hg 

The marked similanty between the nse in surface temperature of the 
extremities in a subject with Raynaud’s disease and that of the normal 
person is illustrated by Figure 2a The same sharp nse m surface tem- 
perature occurred in all four extremities immediately after induction of 
anesthesia, and reached its maximum within tiventy to twenty five min- 
utes Practically no change was observed m the surface temperature of 
the extremities after this period This is what one would expect in a case 
of Raynaud’s disease, which is a pnmary vasospastic disturbance involv- 
ing the vessels of the extremities It is interesting to note that no change 
in the surface temperature of the lower extremities was observed following 
interruption of the sympathetic nerve supply In other words, the max- 
imal nse in surface temperature had occurred immediately following in- 
duction of the anesthesia, and severance of the sympathetic nerve supply 
caused no additional nse in surface temperature This is of particular 
interest because it was formerly a clinical impression among certain 


576 


SYMPATHETIC GANGLIONECTOMY 


workers that immediately following interruption of the sympathetic 
nerve supply to a given extremity, there was always a sharp nse of 
surface temperature and an increase in flow of blood in that extremity 
The nse in surface temperature of the extremities of subjects with 
thrombo-angiitis obliterans varied considerably among different persons 



Fig 2 Increase in Surface Temperature of the Hands and Feet of a 
Woman Aged Twenty-three Years Who Had Raynaud’s Disease 

Pulsations in the peripheral vessels were normal a The nse \vith general 
anesthesia b The nse obtained with intravenous injection of typhoid vac- 
cine Rise in mouth temperature was 1 1” C R H,nghthand,R F , nght 
foot, L F , left foot, and L H , left hand 

and corresponded clinically to the degree of occlusive vascular disease 
present (Figs 3a, 4a, 5c and 6a) In thrombo-angiitis obliterans, one is 
dealing pnmarily with an occlusive vascular disease which involves the 
extremities Vasospastic disturbance in the collateral circulation is in- 
variably present to some degree Interruption of the sympathetic nerve 
supply to the affected extremities permits the maximal flow of blood 
through the collateral circulation, but it is obvious that the occluded ves- 
sels are not affected by this surgical procedure In cases in which there is 
a small degree of occlusion and a large degree of superimposed vasospasm 
in the collateral circulation, the nse in surface temperature of the extrem- 
ities parallels that observed in cases of Raynaud’s disease In moderately 
advanced cases of thrombo-angiitis obliterans, uniform rises in surface 
temperature of all four extremities were not observed, but in early cases 
the rise in surface temperature of the extremities may closely simulate 
that observed in Raynaud’s disease, as illustrated in Figure 3a 

It IS interesting to compare the various nses in temperature obtained 
with intravenous administration of typhoid vaccine in a given case and 
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Fig 3 Variation in Surface Temperatures of the Hands and Feet of 
A Man Aged Thirty two Years Who Had Throubo angiitis Obliterans 
Pulsations in the nght and left ulnar, radial femoral and popliteal artenes 
were normal In other artenes pulsations were reduced as follows in the 
nght dorsalis pedis, 80 per cent in the left dorsalis pedis, 65 per cent, in the 
nght postenor tibial, 35 per cent, and in the left posterior tibial 25 per cent 
a The rise with general anesthesia 4 The nse obtained with intravenous 
injection of typhoid vaccine Rise in mouth temperature was 0 5° C R H , 
right hand R F, right foot L F , left foot, and L H , left hand 



Fig 4 Increase in Surface Temperature of the Hands and Feet of a 
Man Aged Forty Years Who Had Thrombo angiitis Obliterans 
The nght and left ulnar radial and femoral artenes pulsated normally 
Pulsations in both popliteal artenes were reduced approximately 50 per cent 
in the nght and left dorsalis pedis and postenor tibial artenes pulsations were 
absent Circulatory insufficiency was more marked in the left than in the 
right foot o The nse with general anesthesia 4 The nse obtained with 
intravenous injection of typhoid vaccine Rise in mouth temperature was 
1 3° C R H, nght hand R F, right foot L F , left foot, and L H , left hand 
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that obtained following induction of general anesthesia We have pre- 
viously been of the opinion that similar temperature curves could be ob- 
tained This, however, proved not to be true, for there was marked dis- 
similarity between the curves obtained following intravenous adminis- 
tration of typhoid vaccine and that following induction of general anes- 
thesia (Figs 2b, 36, 46, 56 and 66) This in part may be due to the fact 
that some subjects are either refractory to or react poorly to intravenous 
administration of typhoid vaccine The maximal flow of blood to the 
extremities occurred following both procedures, but it occurred more 
quickly after general anesthesia than after intravenous administration of 
typhoid vaccine With general anesthesia, fewer fluctuations were ob- 
served after the surface temperature had reached its maximum It 



Fig 5 Variation in Surface Temperature of the Hands and Feet of a 
Man Aged Twenty-nine Years Who Had Thrombo-angiitis Obliterans 
Pulsations m the nght and left ulnar, radial, and femoral arteries, and in 
the right popliteal artenes, were normal, those in the left popliteal artery were 
reduced 25 per cent Pulsations in the right and left dorsalis pedis arteries were 
reduced 40 per cent, and the right and left posterior tibial arteries were occluded 
The circulatory insufficiency was the same in both feet a The nse with 
general anesthesia b The rise obtained with intravenous injection of typhoid 
vaccine Rise in mouth temperature was 2 2° C R H , right hand, R F , 
right foot, L F , left foot, and L H , left hand 

was also evident that the maximal flow of blood to the extremities follow- 
ing general anesthesia occurred within twenty or thirty minutes and was 
not increased after that time The fluctuation m the curves of surface 
temperature following intravenous injection of typhoid vaccine is ac- 
counted for, in part at least, by the chill which so frequently develops 
Brown originally used typhoid vaccine intravenously to determine what 
he designated “the vasomotor index ” He and Adson (2, 3) used this 
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method for selecting subjects with Raynaud's disease and thrombo- 
angiitis obliterans for sympathetic ganglionectomy It has proved to be 
a satisfactory means of selecting cases for this surgical procedure In 
addition, the intravenous administration of typhoid vaccine or "fever 
therapy” undoubtedly represents the most important medical method 
of treatment for these diseases This is particularly true with reference 
to thrombo angiitis obliterans 

Other methods for selecting cases for sympathetic ganglionectomy are 
spinal anesthesia, which is applicable only to the lower extremities, and 
paravertebral injection of procaine in the cervicothoracic region for the 
upper extremities Oral administration of alcohol, intramuscular injec- 



Fig 6 Variation IN Surface Temperature OF Hands AND Feet OF A Man 

Aged Thirty two Years Who Had Thrombo angiitis Obliterans 
Pulsations in the right ulnar, radial, and femoral arteries, and in the left 
radial and femoral arteries, were normal Pulsations were absent in the other 
palpable vessels Circulatory insufficiency was more marked in the right than 
in the left foot a The nse with general anesthesia 6 The rise obtained 
with intravenous injection of typhoid vacane Rise in mouth temperature 
was 1° C R H , right hand R F , right foot L F , left foot, and L H , left 
hand 

tion of acetylcholine, application of heat, and many other procedures also 
have been used with varying degrees of success The procedure of ob 
serving surface temperatures of the subject under anesthesia affords a 
satisfactory method for investigating the amount and extent of vasospas 
tic disturbances particularly in the extremities of subjects with Ray- 
naud’s disease and thrombo angiitis obhterans If satisfactory nses in 
the surface temperature of the involved extremities are not observed 
after induction of anesthesia, it is evident that an additional nse will not 
develop after interruption of the sympathetic innervation The 
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observations were made in investigating cases of vasospastic scleroderma 
and chronic infectious arthritis Thermal changes under general anes- 
thesia give valuable information from the prognostic standpoint in sub- 
jects with thrombo-angiitis obliterans Accurate information can be 
obtained regarding the extent of the occlusive process in the extremities 
and the amount of superimposed vasospasm in the collateral circulation 
With the history of the case, the physical examination, and the informa- 
tion derived from such a study, the prognosis in a given case can be esti- 
mated fairly adequately 

SUMMARY AND CONCLUSIONS 

Continuous observations of surface temperature, before and dunng 
sympathetic ganghonectomy, were made on all four extremities of sub- 
jects with Raynaud’s disease and thrombo-angiitis obliterans An 
electromotive thermometer was used The difference between these 
two diseases is well illustrated by this study General anesthesia alone 
produced maximal vasodilation in Raynaud’s disease and thrombo-angiitis 
obliterans Severance of the sympathetic nerves did not cause additional 
vasodilation In Raynaud's disease a prompt and uniform vasodilating 
response was observed in the penpheral vessels of all four extremities, 
but in thrombo-angiitis obliterans uniform response was absent because 
the occlusive process in the vessels of all four extremities is never the 
same in thrombo-angiitis obliterans 

The graphic records made with anesthesia at the time of operation 
serve as a check on preoperative studies, earned out with other vasodilat- 
ing agents If satisfactory rises in the surface temperature of the involved 
extremities are not observed after induction of general anesthesia, it is 
evident that an additional nse will not develop after interruption of the 
sympathetic innervation 

General anesthesia constitutes a satisfactory method for investigating 
thermal changes in cases of thrombo-angiitis obhterans, Raynaud’s 
disease, vasospastic scleroderma, and arthritis, prior to and during sym- 
pathetic ganghonectomy Valuable information may be obtained re- 
garding the amount and extent of vasospasm in the vessels of the extrem- 
ities, particularly m the collateral arculation of subjects with thrombo- 
angiitis obliterans, and the method gives accurate information regarding 
the degree of occlusive process in this group of cases Vessels of patients 
who are refractory to, or react poorly to, other vasodilating agents will 
usually undergo maximal vasodilation when general anesthesia is ad- 
rmnistered 
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Following the discovery by Warburg that tumor cells have quantita 
tive and qualitative differences from those of normal tissues with regard 
to their carbohydrate metabolism, many investigators have demonstrated 
that the method of glycolysis was most satisfactory for the study of the 
metabolism of the blood cells Maclean and Weir (1) pointed out the 
role played by the different blood elements in glycolysis, and showed that 
the erythrocytes were a vital factor in the sugar consumption of normal 
blood Inasmuch as the red blood cells play an important part in the 
glycolytic activity of normal blood, and since pernicious anemia is a dis 
ease pnmanly involving the red cells (both number and type), a study of 
the glycolysis of the blood in this malady has been undertaken for further 
investigation of the metabolism of the red cells 

METHODS 

Blood sugar deterrmnations were made from the blood of nine patients 
with perniaous anemia before treatment and at the height of the reticulo 
cyte response, following ventnculin therapy Red cell, white cell and 
reticulocyte counts were made on corresponding days 

The blood sugar values were calculated according to the micro method 
of Fohn and Wu (2) All the estimations were made from blood samples 
obtained before breakfast at 8 A M The usual procedure was to with- 
draw 10 to IS cc of blood from the arm vein under sterile precautions, no 
tourniquet being used in order to avoid stasis The blood was dis 
charged into a large test tube, mixed with hepann, and kept in a warm 
room at a temperature of 37® C Hepann was used as an anti coagulant 
as it was shown by Falcon Lesses (3) to have no appreaable effect on the 
rate of glycolysis 

The blood sugar content was determined immediately after the re 
moval of the specimen from the patient, and then at hourly intervals for 
5 hours to estimate the glycolytic activity The red blood cell and \\ hite 
blood cell counts were made with U S Bureau of Standards pipettes and 
Neubauer-Levy counting chambers Reticulocyte estimations were 
made from bnlliant cresyl blue film preparations 
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DATA 

In Table I are presented the results of the glucose determinations of 
the blood from 9 cases with pernicious anemia dunng relapse The 
average initial glucose value is 108 0 mgm per 100 cc blood There is a 
uniform rate of glycolysis averaging about 6 4 mgm per hour, the limits 
being 5 to 9 mgm The average rate of glycolysis per hour per million 
red cells is about 3 7 mgm , which is approximately the same as in normal 
blood 

In Table II are listed the results of the blood sugar determinations of 

9 patients with perniaous anemia at the height of the reticulocyte re- 
sponse following ventricuhn therapy The initial average glucose value 
IS 100 mgm per 100 cc blood The average rate of glycolysis per hour is 

10 2 mgm , the extremes being 8 to 13 mgm The average rate of glycoly- 
sis per hour per million red cells is 5 4 mgm These averages are about 
65 per cent more than the glycol 5 itic rate before treatment 

Compared to the standard rate of glycolysis of normal blood as es 
tablished by Schmitz and Glover (4), and Falcon Lesses (3), the glycolytic 
activity of the blood in pernicious anemia during relapse or early remis- 
sion IS markedly retarded In Chart 1 is a comparison of the average 
rate of glycolysis of 9 cases with pernicious anerma dunng relapse and m 
early remission with normal glycolytic activity as determined by Schmitz 
and Glover, and Falcon Lesses 

Although the initial average glucose values m the cases of pernicious 
anemia were shghtly elevated, they remained within the upper limits of 
normal Many investigators have pointed out the fact that glycolysis 
proceeds at a faster rate with a high initial glucose concentration In 
view of this, then, the rate of glycolysis in pernicious anemia would be 
even slower by comparison, since the initial glucose values are higher than 
those of normal blood It is further noted that the imtial values of the 
blood sugar deterimnations of patients with perniaous anemia m early 
remission are less than those of the patients in relapse, yet the average 
rate of glycolysis in the former cases is about 65 per cent more In all 
instances, glycolysis appears to progress at a fairly uniform rate, averag- 
ing 15 to 17 mgm per hour m the normal, 5 to 9 mgm per hour in per- 
mcious anemia dunng relapse (red blood cell counts from 0 83 to 2 90 
millions per cu mm ) , and 8 to 13 mgm per hour m pernicious anemia 
dunng early remission (red blood cell counts from 0 80 to 2 90 millions 
per cu mm ) 

Calculated from figures for normal, the average rate of glycolysis 
per hour per million red blood cells is about 3 5 mgm In pernicious ane 
mia, the average rate of glycolysis per hour per million red blood cells 
IS 3 7 mgm The decreased rate of glycolysis noted m the blood m anemia 
as compared to that in the normal blood was definitely proportionate to 
the decreased number of red blood cells In the cases of perniaous ane- 



TABLE II 

Rate of glycolysis in perntctotts anemia in early remission following ventnculin therapy 
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mia in early remission, the blood presents, in addition to a decreased 
number of red cells, a marked increase in the number and percentage of 
immature red cells or reticulocytes The average rate of glycolysis per 
hour per million red blood cells in this instance is 5 4 mgm Compared 
to the rate of glycolysis in normal blood there is a decrease proportional 
to the decreased number of red cells present However, in companson 
to the rate of glycolysis per hour per million red blood cells, m pernicious 


lao. 
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Chart I 


anemia in early remission the glycolytic activity is more rapid than in 
normal blood Per unit number of red blood cells (with all factors con- 
stant), the only difference between the tivo is the increased number of 
reticulocytes This one factor probably accounts for the accelerated 
rate of glycolysis which is present in the blood in early remission As 
suggested by Barer, Needles and Baldridge (5), this increase in the gly- 
colytic activity may indicate that immature red blood cells have a more 
active metabolism than adult red blood cells 

Five of the patients had higher red cell counts a week after therapy 
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was instituted, two the same, and one less, yet in all instances the rate 
of glycolysis was faster with the presence of increased numbers of reticulo- 
cytes In Case 6, the rate of glycolysis was determined before therapy, 
at the height of the reticulocyte response, and after the immature red 
cells returned to normal numbers The glycolytic activity was acceler- 
ated when the reticulocytes were present in increased numbers, although 
the red cell count in this instance was the lowest This is added evidence 
that the type of cell present is as important as the number of cells . 
According to Glover, Daland, and Schmitz (6), there is a difference of 

0 004 mgm per hour in the rate of glycolysis with white cell counts show- 
ing a variation of 10,000 per cu mm In the 9 cases of pernicious anemia, 
the greatest difference m white cells was 6000 per cu mm It would 
seem that the effect of the white blood cells on the rate of glycolysis in 
pernicious anemia is extremely small, the glycolytic activity being pri- 
manly correlated with the number and type of red cells which were 
present 

CONCLUSIONS 

1 The average rate of glycolysis per hour in vitro in the blood of 9 
cases of pernicious anemia in relapse was 6 4 mgm , the range being 5 to 
9 mgm at 37° C 

2 The average rate of glycolysis per hour in the blood of 9 cases of 
pernicious anemia in early remission was 10 2 mgm , the range being 8 to 
13 mgm at 37° C 

3 The average rate of glycolysis per hour per rmlhon red blood cells 
in blood of normal individuals is 3 5 mgm , in pernicious anemia m relapse 
3 7 mgm , in pernicious anemia in early remission 5 4 mgm at 37° C 

4 The retarded rate of glycolysis in pernicious anenua is proportional 
to the red cell decrease 

5 With all other factors constant, the increase in the rate of glycolysis 
per hour per rmlhon red cells in pernicious anemia in early remission is 
associated with the increased number of reticulocytes present 
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Numerous studies have been made on the relation of fractional blood 
protein changes to bacterial infection and immunity The subject is of 
especial importance in view of the renewed interest regarding the associa- 
tion of immune bodies with the globulins and recent studies in regard to 
the effects of blood protein changes and plasma viscosity on specific and 
non speafic agglutination reactions (1, 2) Since the early experiments 
of Langstein and Mayer (3), it has been generally found that a relative 
or absolute increase of the globulin fraction and a decrease in the albumin 
fraction occur during and after various bactenal infections Glaessner 
(4) and later Hurwitz and his co workers (5) showed that increases m 
globulin may occur dunng the course of immunization as well They 
believed that the globulin increase indicated disturbed metabolism and 
that no direct parallelism existed between the amount of globulin and 
the degree of immunity There was no constant relationship between the 
increased amount of globulin and the antitoxic potency of prepared sera 
Similar findings were noted by Schrmdt and Tuljtschinskaja (6) and 
others Studies on fractional blood protein changes in malana, typhoid 
fever and after typhoid vacanation were made by Lloyd and Paul (7) 
They observed a marked decrease in the albumin fraction, an increase m 
the euglobuhn and slight or no changes in the total globulin during the 
acute stage of typhoid fever and malana Similar but less marked 
changes followed vacanation with typhoid baalli 

Many studies have been made on the blood protein changes in lobar 
pneumonia Kumpf (8) collected data from 29 reports It was gener- 
ally agreed that the total protein was lowered, the fibnnogen and globulin 
increased and the albumin decreased in amount No particular atten- 
tion, however, was given to the speed with which changes in plasma pro 
teins occur after the onset of infection or the time required before the 
normal equilibrium w as regained 

Increase of plasma globulin and fibrinogen dunng infections causes 
a decrease of the suspension stability of the blood and consequent reduc- 
tion of the sedimentation time of erythrocytes The correlation betivecn 
plasma protein changes and sedimentation time has been demonstrated 

589 
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repeatedly (9, 10, 11, 12, 13) In a statistical analysis of the effect of 
blood protein fractions on the sedimentation rates in a large series of 
mixed clinical cases, Westergren and his co-workers (12) found a distinct 
correlation for fibrinogen and globulin and a negative correlation for 
albumin Other factors, including hydremia, anemia, changes in cell 
volume and color index, also influence the suspension stability (14, 15, 16, 
17) Possibly because of these other factors, a number of observers 
have been unable to establish a constant correlation between fractional 
protein changes and sedimentation time (18, 19, 20, 21) In two reports 
(19, 21) the changes in the amount of fibrinogen, which is known to play 
the most important role in suspension stability, were not measured 

The studies reported in this paper were undertaken to determine the 
correlation between fractional plasma protein changes, plasma viscosity 
and the sedimentation time of erythrocytes during and after lobar pneu- 
monia 

METHODS 

Plasma Protein Determinations (Supervised by Dr Grace Medes) 
Twenty cc of blood was withdrawn from the arm vein with minimum 
stasis, and oxalated Plasma protein fractions were determined by 
Berglund’s modification (22) of Howe’s method using sodium sulphate as 
a salting-out agent Nitrogen determinations were made by the micro- 
Kjeldahl technic The average normal protein values obtained with 
this method in grams per 100 cc plasma were 


Total protein 

6 67 



Albumin 

4 07 

fibrinogen 

29 

Globulin 

2 59 - 

euglobulin 
pseudoglobulm I 

68 

94 



pseudoglobulin II 

68 


Sedimentation time At the risk of confusing comparative data, the 
sedimentation time was observed by employing the usual standard hos- 
pital apparatus in place of special tubes Nine-tenths cc of blood was 
drawn into a tuberculin syringe (4 mm diameter) containing 0 1 cc of a 
10 per cent solution of sodium citrate The syringe was inverted a num- 
ber of times to insure thorough mixing, the needle was removed and 
replaced by a short piece of rubber tubing The end of the tube was 
bent back along the barrel of the syringe and fastened with a rubber 
band The syringe was placed in a vertical position, stoppered and ob- 
served at room temperature The number of minutes required for the 
erythrocyte level to reach the 0 6 cc mark was arbitrarily considered to be 
the sedimentation time The average normal sedimentation time by 
this method was 3 hours or more 

The Hess viscosimeter was used for the determination of plasma vis- 
cosity According to the technic employed the viscosity of normal 
plasma was from 1 6 to 1 7 



598 CHANGES AND STABILITY OF BLOOD IN LOBAR PNEUMONIA 

xKiii, 325 Plasma Protein, Red Cell Sedimentation and Serum Lability 
of the Blood in Tuberculosis 

21 Oelkers, H A , and Ohnesorge, G , Ztschr f d ges exper Med , 1931, 

Ixxviii, 156 Eiweissgehalt und kolloidosmotischer Druck im Serum von 
Fieberkranken , 

22 Berglund, H , Scriver, W , and Medes, G , In Press Plasma and Urinary 

Proteins Lea and Febiger, Philadelphia, Pa 

23 Soule, H C , Buckman, T E , and Darrow, D C , J Clin Invest , 1928, v, 

229 Blood Volume in Fever 

24 Buccianti, E , II Policlinico, Sez Med , 1931, xxxviii, 138 11 Comporta- 

mento del Volume Totale di Plasma Circolante nelle Malattie Infettive 
Acute 

25 Loeper, M , Ravier, J de Skze, and Lebert, Compt rend Soc de biol , 

1929, Cl, 423 La Globulmdmie A la Pdriode Critique de la Pneumonie 

26 Lohr, H , Ztschr f d ges exper Med , 1922, xxvii, 1 Die Beeinflussung 

der Blutkorperchensenkungsgeschmndigkeit durch Reizstoffe 

27 Reimann, H A , Medes, G , and Fisher, L C To be published 



THE BLOOD IN CASES OF UNEXPLAINED GASTRIC 
ANACIDITY ‘ 


By W SCOTT POLLAND » 
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(Received for publication January 23 1933) 

The question of the relationship of gastric anacidity to anemia has 
recently been the subject of renewed interest and study Some wnters 
believe that people with unexplained achlorhydria are potential cases of 
pernicious anemia, subacute combined sclerosis or hypochromic anemia ’ 
(microcytic, idiopathic, achylic, simple) Others, however, feel that the 
view that anacidity bears a causal relationship to these disorders requires 
further support and that in most cases defective gastnc secretion is a 
harmless variation from the normal 

While it must be admitted that many patients with anemia have a 
gastnc anacidity no comparative study, as far as we know, has been made 
of the blood in comparable groups of people on the one hand with defec- 
tive and on the other with normal gastric juice, inasmuch as a control of 
this sort seems fundamental in interpreting the problem we have carried 
out such observations and they are herewith reported 

UTERATURE 

Einhom (1) (1892) demonstrated that anaadity can be present for 
several years without the development of pernicious anemia Later 
(1903) he (2) found some degree of anemia in twelve out of fifteen cases 
and in four the hemoglobin was below 60 per cent Three of these pa- 
tients probably had pernicious anemia 

At the International Congress of Medicine in London (1913) Faber 
(3) proposed that the anemia frequently associated with achylia gastnca, 
was a secondary phenomenon produced by an absence of gastnc secretion 
Among two hundred and one cases of achylia gastnca, Faber found fifty- 
nine with a hemoglobin below 80 per cent Twenty two were examples 
of Addison s anemia, and thirty seven, of simple anemia Twenty two 
of the cases of simple anemia were severe, the hemoglobin being below 
65 per cent Weinberg (4) (1920) states that the blood picture is often 

‘ Supported in part, by a grant from the Rockefeller Fluid Research Fund 
of the School of Mediane Stanford University 

* Fellow in Medicine, National Research Counal, 1932-1933 
’ For the purpose of convenience, this condition will be referred to in this 
paper as hypochromic anemia 
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abnormal m anacidity, but Alsberg (5) (1921) noted anemia m only one 
of his seventy cases Hurst has maintained for many years that the 
absence of hydrochloric acid from the gastric secretion is the essential 
predisposing cause of Addison’s anemia and subacute combined sclerosis 
For his conceptions, the reader is referred to his papers which have been 
collected into a single volume (6) 

Hunter (7) (1923) analyzed the findings in sixty patients with anacid- 
ity most of whom had chronic diarrhea Seven had a moderate or severe 
secondary anemia Faber and Gram (8) (1924) restudied the problem m 
a new senes of ninety cases excluding those with carcinoma, pernicious 
anemia or tuberculosis Anemia was defined as a hemoglobin value less 
than 96 per cent in men and 88 per cent in women The percentage of 
anemia was 41 Schneider and Carey (9) (1928) found m fifty-one cases 
of achlorhydna, seven with a high color index and seven with a secondary 
anemia Borgbjaerg and Lottrup (10) (1929) state that 41 per cent 
of one hundred and thirty-four cases had a secondary anemia, usually of 
a mild degree, and that several had a color index over one Lerman, 
Pierce and Brogan (11) (1932) observed in normal individuals that the 
red cell count and hemoglobin tended to vary directly with the level of 
gastric acidity 

Many cases have recently been reported, usually under the heading of 
hypochromic anemia This disorder is described as an anemia with 
small erythrocytes and a low color index, occunng m middle aged women 
who have an anacidity 

A number of writers (Witts (12), Waugh (13), McCann and Dye (14), 
Dameshek (15), Mills (16), Davies (17), and VanderHoof and Davis (18)) 
believe that this syndrome is a specific disease and that the anacidity is 
an important etiological factor However, Bloomfield (19) has critically 
reviewed the subject and pointed out that various degrees of anemia may 
be associated with anacidity and that all types of gastric secretion may be 
associated with anemia 

The fact that anacidity may precede pernicious anemia by an interval 
of from 3 months to 25 or more years, has been reported by at least eight- 
een authors Ivy, Morgan and Farrell (20) have been able to collect a total 
of thirty-six reported cases In a review of the hereditary aspects of 
achlorhydna in pernicious anemia, Conner (21) cites thirty-seven authors 
He reports that among one hundred and fifty-four relatives of one hun- 
dred and nine patients having perniaous anemia, the percentage of anacid- 
ity was 25 9, whereas among those of a control group, the percentage was 
15 2 

Castle (22), (23), (24), (25) has demonstrated that normal human 
gastric juice can produce by interacting with beef muscle, a substance as 
effective as liver in promoting blood and clinical improvement in perni- 
cious anemia He believes that pernicious anemia is a deficiency disease 
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brought about by defective digestion of protein, as a result of achylia 
gastnca In support of this hypothesis, he reports a patient without 
anemia and three with hypochromic anemia, all of whom had an anacidity 
to histamine, but who nevertheless had the necessary hematopoietic 
stimulating substance present in their gastric juice Barnett (26) using 
the same method of biologic assay was unable to confirm his results on 
two cases without anemia known to have had an anacidity for several 
years 

MATERIAL AND METHODS 

The material consisted of twenty si'c males and twenty-two females 
with unexplained anacidity as demonstrated by the previously described 
histamine technique (27) The anacidity was usually an accidental 
finding and most of the patients did not have a primary digestive com- 
plaint Patients with carcinoma, pernicious anemia, hyperthyroidism, 
syphilis, fever, bleeding, or chronic wasting diseases, such as tuberculosis, 
were excluded The known duration of the anacidity to histamine varied 
from 1 month to 4 years and 8 months The average for the males was 27 
months, and for the females, 19 4 months In practically all of the cases, 
the family history was negative or no data was obtainable In one case 
It was reported that a brother had died of pernicious anemia 

The following blood examinations were made red and white cell 
counts, including a differential, hemoglobin (Sahli) and color index In 
order to obtain more detailed data on the condition of the blood fifteen 
males and ten females were examined by workers specially trained in 
hematological methods Red and white cell counts were made with 
standardized counting chambers and pipettes In the differential counts 
of the leukocytes 200 cells were enumerated Hemoglobin was deter- 
mined by the oxygen capacity method of Van Slyke and Neill (28) and 
color indices were calculated on the basis of a correspondence of 5,000,000 
corpuscles and 91 per cent hemoglobin equal to 15 6 grams of hemoglobin 
per 100 cc of blood Platelets and reticulocytes were counted by a 
method devised by Dr Harry A Wyckoff of the Stanford Medical School 
The average diameter of the red corpuscles was measured by the Price 
Jones technique (29) The frequency distnbution of the corpuscular 
diameters was determined with an ocular micrometer, measunng 200 
corpuscles m freshly dried smears, fixed and stained with Wnght’s stain 
Icterus indices and Van den Bergh tests were done in the usual manner 

For a control group, a similar study was made of fifteen males and 
eleven females of about the same age and physical status, who had, how- 
ever, free acid in their gastric secretion These subjects were chosen 
senatim from a miscellaneous group of hospital patients, and the catena 
for selection were the same as for the anacidity group 
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RESULTS 

1 and 2 the age, diagnosis and test meal findings ^ are re- 
corded for the control group Patients with a wide variety of disorders 
and with every type of gastric secretion were used 

TABLE 1 


Age, diagnosis and gastric secretory findings in mole controls 


Case 

Age 

CUrucal diagnosis 

Volume 

Free 

acidity 

Total 

acidity 


years 


CC 

m EifL 

m IL 

1 

31 

Indigestion, psychoneurosis 

60 

92 

102 

2 

58 

Abdominal pain (unexplained) 

23 

66 

76 

3 ^ 

42 

Pneumonoconiosis 

21 

40 

56 

4 1 

42 

Abdominal pain (unexplained) 

23 

78 i 

96 

5 

48 

Duodenal ulcer 

42 

138 

142 

6 

57 

Gastric ulcer 

50 

94 

102 

7 

46 

Psychoneurosis 

50 

65 

66 

8 

32 

Psychoneurosis 

1 20 

1 66 

78 

9 

46 

Irritable colon 

29 

100 

113 

10 

28 

Psychoneurosis 

27 

124 

130 

11 

*40 

Indigestion 

17 

112 

' 120 

12 

'56 

Duodenal ulcer 

35 

84 

99 

13 

55 

Gastric ulcer 

36 

98 

106 

14 

|68 

Chrome hepatitis ? 

2 

25 

35 

IS 

46 

Indigestion 

35 

50 

58 

Average 

46 3 


316 

82 

92 


TABLE 2 


Age, diagnosis and gastric secretory findings in female controls 


Case 1 

Age ! 

Clinical diagnosis 

Volume 

Free 

aadity 

Total 

acidity 

1 

years 

58 

Arteriosclerosis and hypertension I 

CC 

42 

m Eq (L 

105 

m Eq IL 

113 

2 

63 

Arteriosclerosis and hypertension 

2 

25 

35 

3 

36 

Duodenal ulcer 

55 

52 

62 

4 

71 

Psychoneurosis 

35 1 

91 1 

96 

5 

41 

Psychoneurosis 

18 1 

91 

101 

6 

48 

Hypertension 

2 

6 

20 

7 

61 

Auricular fibrillation 

12 

60 

70 

8 

[76 

Cholelithiasis, diabetes melhtus 

16 

86 

100 

9 

[56 

Chronic cholecystitis 

52 

74 

87 

10 

i57 

Diabetes melhtus 

32 

23 

43 

11 

1 63 

Arteriosclerosis, diabetes melhtus 

40 

104 

108 

Average 

57 2 

1 

27 8 

65 2 

76 8 


* The highest 10 minute secretory volumes and highest free and total acidity 
after histamine are alone recorded 
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In Tables 3, 4, 5 and 6, a detailed report of the blood of the subjects 
who were especially studied is presented and in Table 7 the findings are 
summarized A number of points revealed by those tables will be dis- 
cussed 

Hemoglolnn The hemoglobin in the male anacidity patients ranged 
between 65 9 and 102 with an average of 87 6 per cent, in the controls 
between 80 2 and 100 9 with an average of 93 3 per cent The average 
grams per cent for the anacidity group was 14 9, and for the control 
group, 16 07 

Hemoglobin in the female anaadity patients ranged between 54 and 
95 with an average of 83 9 per cent, in the controls the values lay between 
52 2 and 97 9, with an average of 85 8 per cent The average grams per 
cent for the anacidities was 14 42, and for the controls 14 68 The fol- 
lowing cases had a marked lowering of hemoglobin male anacidity Case 

8, female anacidity Case 11, and female control Case 11 Otherwise, the 
variations were about the same in both senes 

Red cell counts There was no striking difference in the red cell counts 
of the two groups Male anacidity Cases 1 and 8, female anacidity Case 

9, and female control Case 11 had counts definitely below normal 

Color index The majority of the color indices were about 9 or higher 
Cases 2, 8 and 11 of the female anacidities, and Case 11 of the female con- 
trols, had indices below 8 More controls than anacidities had indices 
above 1 00 

White cell count All of the counts were within the range usually ac 
cepted for normal people No anacidity case had a definite leukopenia 
nor was the differential count unusual in any of the cases 

Platelets These vaned considerably in both series, but were consid 
ered to be within the range of normal 

Reticulocytes Cases 4, 5 and 11 of the female anacidity group, and 
Case 6 of the male control group, showed a shght reticulocytosis 

Icterus index and van den Bergh A number of individuals among 
both the "anacidities” and the controls had either an icterus index or 
Van den Bergh slightly above normal 

Pnce-Jones curve There was no sigmficant difference as regards the 
vanation in size of red cells between the anaadities or controls 

Smear Reports such as normal smear, slight anisocytosis, moderate 
polychromasia, etcetera, were not uncommon in either senes The 
impression of the worker studying the smear did not always correspond 
to the type of Pnce-Jones curve recorded, but usually there was a close 
agreement between the two Case 1 1 of the female anacidities and Case 
11 of the female controls had definitely abnormal smears 



TABLE 3 

Blood studies tn male control cases 
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DISCUSSION 

A study of the tables shows that many people with anacidity have 
subnormal blood counts when companson is made with standard “nor 
mal ' or “ideal" values The point at issue, however, is not this indis 
putable fact but whether the anaadity bears a causal relationship to the 
hematological deviations To settle this point controls are clearly neces 
sary and when a group of people of similar age, sex and condition, hut 
■with normal gastric secretion is studied by the same methods no significant 
difference appears This matter of controls has not, we believe, been 
properly emphasized in previous work , hence the rather generally accepted 
idea that anacidity per se leads to deficiency of the blood If, for example. 
Case 11 of the female control series had had an anacidity she would doubt- 
less have been considered a typical case of “achlorhydric hypochromic 
anemia" by most writers A further complication comes from the fact 
that many of the achlorhydnc women with hypochromic anemia reported 
in the literature had lost blood over long penods of time from uterine 
hemorrhage, in the present study all patients thought to have abnormal 
bleeding were eliminated 

Whether or not people with anacidity as a class are specially liable to 
develop pernicious anerma is a debatable question Certainly there are a 
few isolated instances on record in which the anaadity has preceded the 
anemia by many years However, some of the individuals in this senes 
have had an anacidity to histamine for over four years and others are 
known to have had an anacidity to other test meals for a longer period 
of time without any impairment of health In the male anacidity senes, 
Case 1 was told that he had no aad in his stomach m 1926, Case 8 was 
told the same thing in 1908, and Case 9 had an anacidity to the fractional 
gruel meal in 1925 

Although anacidity is practically always part of the disease picture of 
Addisonian anemia, yet there are many gaps in our knowledge of the role 
of this defect in the production of the disease Even though the two are 
intimately related, it is difficult to explain why the absence of freehydro- 
chloric aad is so common in apparently healthy people 

CONCLUSIONS 

The blood picture m twenty five cases of unexplained gastric anacidity 
was compared with that of an otherwise similar group of people except 
that they had an apparently norma! gastric secretion No significant 
difference was noted between the two groups No evidence is therefore 
forthcoming that anaadity in itself leads to anemia 
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STUDIES ON THE ACTION OF DIURETICS II THE EF- 
FECT OF SALYRGAN UPON THE WATER CONTENT 
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(Received £or publication April S, 1933) 

There are conflicting reports m the literature concerning the effect o£ 
the mercurial diuretics upon the water content of the plasma Saxl and 
Heihg (1) Bohn (2 3) and Crawford and McIntosh (4) have reported 
that the concentration of protein in the plasma falls before the onset of 
novasurol diuresis Muhhng (5), Nonnenbruch (6) and Bleyer (7), on 
the other hand, found no such evidence of plasma dilution 

In a previous publication (8) evidence was presented that salyrgan 
diuresis is the result of decreased reabsorption of water in the renal tubules 
It was suggested that this decrease in reabsorption is produced by a de- 
pressant action of the drug on the tubular epithelium The occurrence of 
hydremia preceding the onset of diuresis would be inconsistent with this 
hypothesis and would point to a primary extrarenal action, occurring alone 
or in conjunction with a direct action on the kidney Carefully controlled 
studies of the effect of salyrgan upon the refractive index of the plasma 
have therefore, been carried out For purposes of comparison similar 
studies have been made with intravenously administered physiological saline 
solution 

PROCEDURE 

The experiments were performed upon unanesthetized female dogs who 
had gone without food for tivelve hours or more In Control Experiments 
1 to 7 inclusive, and in the first seven salyrgan expenments, the animals 
were permitted to dfink water as desired until two hours before the begm- 
ning of tbe experiment In all other experiments the dogs were allowed 
no water for five hours preceding the penod of observation During the 
experiment the dog was tied down on a table After a period of training 
the animals would remain in this position for two to three hours without 
struggling Urine was collected from the bladder directly into graduated 
cylinders by an inlying catheter Blood samples were drawn from the ex- 
ternal jugular vein without stasis Heparin (0 01 cc of a 4 per cent solu- 
tion to each cc of blood) was used to prevent clotting In Control Ex- 
periments 1, 2, 3, and 4 and in salyrgan Expenments 1 and 2 the blood 
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samples were from 5 5 to 60 cc each In all other experiments about 1 5 
cc of blood were drawn at each venepuncture Immediately after with- 
drawal the blood specimens were centrifuged for two minutes at 1800 
r p m , and the refractive index determined on a drop of the plasma in 
an Abbe refractometer at room temperature The temperature seldom 
varied as much as one degree centigrade during the course of an experi- 
ment A rise of one degree in the temperature was found to produce a fall 
of approximately 0 0001 in the refractive index of the plasma Changes 
in temperature of less than one degree were therefore ignored On the 
few occasions when greater variations than this occurred the refractive 
index was corrected correspondingly 

RESULTS 

(a) Control evpenments 

The refractive index of the plasma was found to fluctuate considerably 
under controlled conditions (Figs lA and IB) Of particular interest 
in connection with this investigation are the decreases which occurred in 
Control Experiments 3, 4, 5, 6 and 7 In these five experiments the index 
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In Experiments 1, 2, 3, 5 and 10 the index did not vary more than plus or 
minus 0 0002 from the control period level In Experiment 9 a temporary 
increase of 0 0005 occurred after the administration of salyrgan The 
index then returned to and remained at approximately the control period 
level until diuresis began In another instance (Experiment 8) a more 
persistent nse in the index occurred In the remaining three expenments 



(4 6 and 7) the index fell 0 0006 0 0003 and 00004 (0 3 0 15 and 02 
gram per cent of protein) respectively Decreases of equal magnitude and 
occurring within a similar period of time were observed in the control 
expenments without any subsequent increase in urine volume 

In all ten salyrgan expenments the refractive index of the plasma in- 
creased gradually during the early part of diuresis When the index had 
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a considerable rise occurred These results may, however, be merely a 
matter of chance A rise in the index occurred in Experiment 1, and the 
index remained fairly constant in Experiment 2, although water was with- 
held for only two hours m both of these experiments In the control period 
of salyrgan Experiment 10, on the other hand, a precipitous drop m the 
index occurred even though the dog had received no water for five hours 
The urine output m all of the control experiments either remained at 
about the same level or slowly declined during the period of observation 
The spontaneous decreases in the index of refraction of the plasma were 
never followed by diuresis 

(b) Salyrgan experiments 

No consistent change in the refractive index of the plasma was ob- 
served before the onset of salyrgan diuresis (see Figures 2A, 2B, and 2C) 



744 


EFFECT OF SALYRGAN 


a considerable rise occurred These results may, however, be merely a 
matter of chance A rise in the index occurred in Experiment 1, and the 
index remained fairly constant in Experiment 2, although water was with- 
held for only two hours in both of these experiments In the control period 
of salyrgan Experiment 10, on the other hand, a precipitous drop m the 
index occurred even though the dog had received no water for five hours 
The urine output in all of the control experiments either remained at 
about the same level or slowly declined during the period of observation 
The spontaneous decreases in the index of refraction of the plasma were 
never followed by diuresis 

(fc) Salyrgan experiments 

No consistent change in the refractive index of the plasma was ob- 
served before the onset of salyrgan diuresis (see Figures 2A, 2B, and 2C) 



HENRY LENZEN SCHMITZ 


745 


In Experiments 1, 2, 3 5 and 10 the index did not vary more than plus or 
minus 0 0002 from the control period level In Experiment 9 a temporary 
increase of 0 0005 occurred after the administration of salyrgan The 
index then returned to and remained at approximately the control period 
level until diuresis began In another instance (Experiment 8) a more 
persistent rise in the index occurred In the remaining three experiments 



(4, 6 and 7) the index fell 0 0006 0 0003 and 00004 (0 3, 0 15 and 0 2 
gram per cent of protein) respectively Decreases of equal magnitude and 
occurring within a similar period of time Mere observed in the control 
experiments without any subsequent increase in urine volume 

In all ten salyrgan experiments the refractive index of the plasma in- 
creased gradually during the early part of diuresis When the index had 
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risen approximately 0 0010 (representing an increase of 0 5 gram per cent 
in the protein concentration) no further increase occurred 

(c) Saline cxpeninents 

Varying amounts of 0 9 per cent saline solution were injected intra- 
venously at the rate of 10 cc per minute (see Figures ZA and ZB) In 



Fig 2C Salyegan Experiments 8 and 10 


Experiments 1 and 2 the index of refraction of the plasma fell 0 0006 and 
0 0009, respectively, without any increase in the urine volume In the 
other four experiments, in which the index was lowered more than 00010, 
diuresis occurred There was no correlation, however, between the magni- 
tude of the urine volume and the degree to which the index of refraction 
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was decreased Only slight diuresis occurred in Evperiments 3 and 5 m 
which the index fell 0 OOlS and 0 0023 respectively, whereas the urine out- 
put was augmented considerably in Experiments 4 and 6, in which the in- 
dex dropped 00017 and 00013, respectively below the control period level 

COMMENT 

Bohn has suggested that the contradictory reports in the literature con- 
cerning the effect of novasurol upon the water content of the plasma are 



0 10 20 30 40 SO 60 TO SO 00 100 110 
Timt in Minuses 

Fig ZA Saline Experiments 1 , 2 3 and 4 

due to the fact that blood samples were taken at different times and that 
the temporary hydremia was missed by some investigators In the present 
experiments samples of blood were taken at approximately three minute 
intervals during the period between the administration of saljrgan and the 
onset of diuresis There is no evidence in these experiments that diuresis 
IS preceded by a mobilization of fluid from the tissue spaces The re- 
fractive index of the plasma showed no consistent change before the onset 
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of diuresis and such decreases as were observed fell within the limits of 
variation noted m the control experiments 

The argument has been advanced that the kidneys respond so promptly 
with diuresis when a shift of fluid from the tissues to the blood occurs that 
It IS impossible to demonstrate appreciable dilution of the plasma The 
results of the saline experiments do not support such a hypothesis They 
demonstrate that the refractive index of the plasma may be lowered mark- 
edly by the injection of physiological saline solution without producing sig- 



Time in Minufes 

Fig 3B Saline Experiments 5 and 6 


nificant diuresis This is additional evidence that the moderate decrease 
in the refractive index of the plasma observed in some of the salyrgan ev 
periments played no significant role m the production of diuresis 

The refractive index of the plasma rises gradually during the early part 
of salyrgan diuresis When the index has increased approximately 0 WIO 
no further concentration of the plasma occurs Apparently sufficient fluid 
flows into the plasma from the tissue spaces to balance the loss by way 

of the kidneys 
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The amount of water lost from the plasma may be calculated roughly 
from the change in the refractive index Saljrgan Experiment 3 in which 
a comparatively moderate diuresis occurred may be used as an example 
Dog 110 weighed 14 kilograms If we estimate the plasma volume as 
600 cc and assume a protein concentration of 6 grams per 100 cc , then 
an increase of 0 5 gram per cent in the protein concentration (a rise of 
00010 in the refractive index) would mean a loss of approximately SO 
cc of water from the plasma The total amount of urine passed from the 
onset of diuresis to the end of the experiment was 105 cc In Expenment 
8 the urine exceeded the calculated loss of water from the plasma by ap 
proximately ISO cc 

The excess of urine volume over the calculated loss of fluid from the 
plasma points to an inflow of tissue fluids into the blood The absence of 
hydremia preceding the onset of diuresis the gradual rise of the refractive 
index of the plasma during the early part of diuresis and the maintenance 
of a level after the index has nsen approximately 0 0010 indicate that this 
inflow IS secondary to the loss of fluid from the blood by way of the kid- 
neys This secondary withdrawal of fluid from the tissue spaces is prob- 
ably the mechanism by which the mercurial diuretics remove accumulations 
of fluid in the subcutaneous tissues and m the peritonea! cavity 

SUMMARY 

The effect of salyrgan upon the water content of the plasma has been 
studied by means of the refractometer 

There is no evidence in these experiments that salyrgan diuresis is pre- 
ceded by a mobilization of fluid from the tissue spaces 

The results point strongly to a primary direct action of salyrgan on 
the kidney with a secondary inflow of fluid from the tissue spaces to prevent 
excessive dehydrahon of the plasma 
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STUDIES IN CONGESTIVE HEART FAILURE XXIIII A 
CRITICAL STUDY OF METHODS FOR DETERMINING 
THE CARDIAC OUTPUT IN PATIENTS WITH 
CARDIAC DISEASE 

Bv ARTHUR GROLLMAN BEN FRIEDMAN GURNEY CLARK and 
T R HARRISON 

(Front the Department of Medtcme of Vanderbilt University Nashville') 
(Received for publication April 26 1933) 

The cardiac output of normal persons may be determined by methods 
the accuracy of which has been adequately demonstrated (4) In patients 
with congestive heart failure on the other hand so many factors intervene 
that the validity of a method applicable to normal individuals may no longer 
be assumed Hitherto comparatively little work has been done in testing 
the appheability of various cardiac output methods to patients with heart 
disease although data obtained by such methods may be subject to large 
errors 

In the present investigation we have examined the accuracy of three 
methods of measuring the cardiac output and ascertained the extent of their 
applicability to subjects with congestive heart failure The Burwell and 
Robinson procedure (3), the venous plateau method (7), and the acetylene 
procedure (4) seemed to us to offer the greatest probability of proving 
applicable in heart disease The method of Burwell and Robinson depends 
upon the equilibration of the patient’s blood with a gas mixture obtained 
by repeated rebreathings From a comparison of the oxygen content of 
this blood with that of a sample of arterial blood the artenovenous differ- 
ence IS derived This method assumes that the same physicochemical equi 
libnum occurs behveen the blood and the gas obtained by the rebreathing 
procedure when shaken in a tonometer as occurs across the pulmonary 
epithelium during rebreathing Obviously this physiological equilibration 
occurs only slowly and may therefore lead to illusory constancy in any case 
m which pulmonary conditions inhibit (without totally preventing) normal 
oxygenation of the blood in the lungs Since such conditions are probably 
of frequent occurrence m cardiac disease, Bunvell and Robinson, realizing 
these possible sources of error, limited their observations to individuals 
with normal lungs 

In order to avoid the source of error m the Burwell Robinson proce 
dure Harrison, Fnedman and Chrk (7) modified it Their venous 
plateau method depends upon the use of the lungs for the final equilibration 
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instead of a glass tonometer as m the Bunvell and Robinson procedure 
The patient rebreathes the final gas mixture, and during the rebreathmg 
samples of mixed venous ” blood are drawn from the femoral artery' 
The acetylene procedure (4) is founded upon a principle entirely dif- 
ferent from that of these two methods It depends essentially upon meas- 
uring the rate of absorption of a foreign gas across the pulmonary epi- 
thelium 


Experiments demonstrating the sources of error occurring in these 
methods will be presented and the criteria which must be applied for demon- 
strating their validity in a given patient will be defined When these 
criteria are satisfied accurate results may be obtained 


The attainment of homogeneous mixture in a hmg-bag system in patients 
with congestive heart failure 

The measurement of the cardiac output in patients with congestive 
heart failure is rendered difficult in all methods based upon equilibration 
of gas mixtures accross the lungs by essentially two factors The first of 
these is the change in the mechanical conditions in the lungs which makes 
It difficult to obtain samples of the gas mixtures which are in true equilib- 
rium with the blood A second factor is the involvement of the alveoli 
in a pathological process which prevents the establishment of true equilib- 
rium (in a physicochemical sense) between the alveolar gases and the 
blood 

A prominent feature in patients with heart disease is the marked pul- 
monary alteration which mechanically interferes with any rebreathmg 
procedure The exact nature of the pulmonary lesions need not be de- 
scribed here , suffice it to say that loss of elasticity of the alveolar walls, 
congestion of the lungs, swelling of the pulmonary epithelium, the presence 
of edema in the alveoli and bronchioles, and, in some cases, emphysema, 
combine to increase the residual air and render difficult the attainment 
of a homogeneous mixture when a patient rebreathes a given gas mixture 
from a bag If homogeneity of the contents of the lungs and of the bag 
IS not attained it is obviously impossible to obtain a sample of gas from the 
bag which is representative of that in equilibrium with the blood 

The Burwell-Robinson, venous plateau and acetylene procedures are 
all dependent upon attaining complete mixture in a lung-bag system It 
was, therefore, necessary to determine the length of time required for 
obtaining a homogeneous mixture in this system For this purpose the 
method of Lundsgaard and Schierbeck (9), used previously by Grollman 
and Marshal! (5), was utilized The subject rebreathes a mixture of 
hydrogen in air under the same conditions as in the desired experimental 
procedure By analyzing samples of the gas withdrawn simultaneously 
from the bag and from the mouth one can obtain an indication of the 
degree of homogeneity in the lung-bag system The time required is 
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about fifteen seconds in normal individuals but is longer in subjects with 
abnormal lungs 

There exists no definite and universally accepted nomenclature for de- 
scnbing sucanctly the clinical condition of a given patient. The term “ de- 
compensation,” for example may have a different denotation for different 
observers We have included therefore in Table 1 data bearing on the 
clinical condition of the patients whom we have studied Comparison of 
a result in the expenmental tables with the clinical description of Table 1 
will allow the reader to judge roughly concerning the conclusions to be 
drawn from the present study 

In Table 2 are given the results obtained in a series of patients showing 
various degrees of congestive heart failure as defined by the clinical data 
of Table 1 The patients rebreathed a mixture of hydrogen in air as is 
customary in measuring the cardiac output by the acetylene method The 
volume of gas in the bag (Table 2, column 2) was that which could be 
inspired without difficulty by the patient (4) The number of respirations 
and the time after beginning rebreathing when collection of the samples 
was made are given m columns 3 and 4 

Since the respiratory quotient is less than unity during rebreathing (due 
to accumulation of carbon dioxide in the bag which prevents the usual 
loss of carbon dioxide from the mixed venous blood in the lungs) the 
hydrogen content of the sample obtained from the mouth is greater than 
that expired into the bag when homogeneous mixture has been attained 
in the lung bag system A positive difference in the fifth column of Table 
2 indicates therefore that mixture has occurred under the conditions of 
the rebreathing 

The data in Table 2 demonstrate the greater length of time necessary 
in patients with heart failure than m normal individuals for attaining 
homogeneous mixture between the air in the lungs and a gaseou' mixture 
contained in a bag Whereas normal subjects seldom require more than 
fifteen seconds, the subjects in Table 2 required eighteen seconds m two 
cases, twenty seconds in three cases, and twenty-five seconds or more in 
the remaining three The application of these results to the problem of 
measuring the cardiac output in such cases will be given later 

Eqiithbrahon of gases across the pulmonary epithelium 

The second possible source of error, which must be considered before 
applying to persons with congestive heart failure a method applicable to 
normal subjects, is the possible alteration of diffusion through the pul- 
monary epithelium due to pathological changes If a change occurs in the 
lung which diminishes the rate at which a gas can pass into the blood 
from the alveolar spaces, physicochemical equilibnum may not occur and 
the method based ujion the assumption that it does becomes inapplicable 
Although much has been said concerning this possibility in studjnng cases 
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TABLE 2 


Tkc time neecssary for attaining komogeneous mixture tn a lung bag system 


Subject 

Volume 
in bas 

Number of 
respirations 

Duration of 
rebrenthing 

Difference between 
hydrogen concen 
tratlon in alveolar 
sample and in bag 

Time necessaty 
for attaining 
homogeneous 
mixture 



lilHHH 

fecontJs 

per cent of hydrogen 

seconds 




18 

000 

20 




20 

+0 05 





21 

+0 03 


HI 

iH 

IBS 

23 

+003 


I M 

1 2 


17 

-0 03 

IS 




18 

+0 02 




8 

22 

+0 08 




M 

2S 

+0 01 


E G 


'SS 

16 

-015 

20 


■IH 


18 

-0 00 





21 

+0 01 



Hi 


2S 

+0 06 


F B 

1 5 

1 9 

18 

-0 09 

25 




20 

-0 02 




12 ‘ 

23 

-0 05 1 




13 

26 

+0 05 


U R 

IS 

8 

17 

-0 06 

IS 



9 

18 

+0 00 




10 

20 

+0 01 


P F 

12 

9 

19 

, -010 

26 



8 

23 

1 -0 12 




8 

26 

0 00 




9 

28 

1 000 

1 


E B 

13 

7 

16 

-0 04 

20 



8 

19 

0 00 




10 

21 

+0 01 




10 

23 

+0 01 


W C 

1 2 

IS 

SO 

-0 10 

Incomplete 


1 

1 




nuxturc 


o{ heart failure, it is ordinarily relatively less important than the factor 
of inadequate mivture, which has just been discussed 

The influence of a pathological condition on diffusion through the lung 
can be obtained from an analysis of the degree of oxygen saturation of 
the arterial blood The fact that significant anoxemia occurs only m 
severe cases of congestive heart failure is an indication that this is a result 
only of extreme modifications from normal 

It IS necessary to consider the possibilitv of failure to obtain a true 
equilibrium in cases in which oxygen deficiency of the arterial blood exists 
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In the “ oxygen Fick ” methods m which it is necessary to secure equilib- 
rium between the gas m the blood and that m a bag, the difference m tension 
between the two may not be great Nevertheless any impediment to the 
passage of oxygen across the pulmonary epithelium may lead to erroneous 
results It nas this possibility which led Bunvell and Robinson to apply 
their method to normal individuals only 

One of the fundamental assumptions of the acetylene method is the 
occurrence of true physicochemical equilibrium between this gas in the 
alveoli and m the blood That equilibrium occurs in persons with normal 
circulatory systems and even in some cases of decompensated heart disease 
was demonstrated by Baumann and Grollman (2) and by Grollman, 
Proger, and Denmg (6) In one case (senile emphysema with chronic 
congestive failure) the former authors failed to observe its occurrence 
This failure was attributed to an inability to obtain mixture in the lung-bag 
system and was therefore apparent and not real Unless one obtains an 
actual alveolar sample, one cannot judge whether equilibrium has occurred 
in the lungs by comparison of the gas obtained with a sample of arterial 
Wood So far as measurement of the cardiac output is concerned, the 
question is purely academic whether equilibrium has occurred or whether 
failure to attain it is due to failure to obtain a true alveolar sample Re- 
gardless of the cause, the method is inapplicable in such a case 

In Figures 1, 2, 3, and 4 are reproduced typical experiments demon- 
strating the relation of the concentrations of acetylene m the blood and m 
the gas mixtures rebreathed Two patients (Figs 1 and 2) rebreathed 
an acetylene-air mixture from a rubber bag as is usual m measuring the 
cardiac output At certain intervals samples of arterial blood and a gas 
sample from the bag were collected and their acetylene contents determined 
as described by Grollman, Proger, and Denmg (6) It will be noted in 



Fig 1 A COMPARISON U* 

and the Arterial Blood While Rebreatking from a Rubber Bag 

jFCT E G (see Table 1) 

Ordinates represent the acetylene tension in millimeters of mercury', the 
absc?sst:?5rese'nt the time in seconds after beginnmg rebraathmg 
o Blood samples X samples 


Sub- 
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Fig 2 A Comparison of the Acettlene Content of the Alveolar Air 
AND THE Arterial Blood While Rebreathing from a Rubber Bag Sub 
ject J M (see Table 1) 

Ordinates represent tlie acetjlene tension in millimeters oi mercurj , abscis 
sae the time in seconds after beginning tlie rebrcathing 

O Blood samples X Gas samples 

Figure 1 that there is complete concordance between the amounts of acety- 
lene in the blood and in the bag at twenty seconds after beginning the 
rebreathing and thereafter Since this subject could not mix in a period 
of time less than twenty seconds as seen in Table 2, the low content of 
acetylene in the samples of blood collected at fifteen and twenty seconds 
IS to be attributed not to failure to attain equilibrium between the acetylene 
of the alveoli and the blood, but to the fact that it required tiventy seconds 
to establish a uniform concentration of gas in the lung bag system The 
remainder of the curve is evidence against the existence in this patient of 



Fig 3 A Comparison of the Acftvlene Content of the Alveolar Air 
AND THE Arterial Blood While Rebreathing from a Spirometer Sub 
ject I M (see Table 1) 

Ordinates represent the acetylene tension in millimeters of mercury abscis 
sae the time in seconds after beginning tlie breathing 

O Blood samples X Gas samples 
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Fig 4 A Comparison of the Acetylene Content or the “Alveolar ” 
Air and the Arterial Blood While Breathing from a Spirometer 
Subject W C (see Table 1) 

Ordinates represent the acetylene tension in millimeters of mercury, abscis- 
sae, the time m seconds after beginning the breathing 

O Blood samples X Gas samples 

an impediment to the passage of acetylene across the pulmonary epithelium 
which might interfere with the attainment of equilibrium between the gas 
m the lungs and m the blood 

The curves of Figure 2 were obtained similarly to those of Figure 1 
At five seconds, the acetylene concentration m the blood was very low, for 
insufficient time had elapsed since beginning of rebreathing to allow en- 
trance into the alveoli of sufficient amounts of acetylene After fifteen 
seconds mixture in the lung-bag system occurred so that the acetylene con- 
tent of the blood and of the alveoli was parallel The concentrations in 
the blood were higher, however, due to the fact that it requires five to ten 
seconds for the blood to travel from the lungs to the peripheral artery 
from which it is drawn If one allows for this (2, 6), there results an 
identity of the curves of the concentrations in the alveoli and in the blood 
which demonstrates the existence of true physicochemical equilibrium 
In Figure 1, there is also a tendency for the acetylene concentrations to 
be higher in the blood than in the alveoli but in this case the more gradual 
slope of the curve prevents this from manifesting itself prominently in 
the samples collected after forty seconds 

The studies of Figures 1 and 2 as well as previous ones of GroUman 
and his coworkers require the time necessary for the passage of the blood 
from the lungs to the peripheral artery to be taken into consideration 
As IS evident from the curves of Figures 1 and 2 and from the results of 
Baumann and GroUman (2), this possible source of error is negligible 
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being only one or two per cent This smallness results from the relativelj 
small drop in acetylene concentration wluch is taking place in the bag (Figs 
1 and 2) The assumption involved need not be made, however, if a con- 
stant alveolar concentration is maintained This is accomplished by having 
the subject inspire at a constant rate from a spirometer containing an 
acetylene air mixture At given intervals forced expirahons are made of 
which alveolar samples are collected The results of such an experiment 
on I M are given m Figure 3 The concentrations of acetylene in the 
alveoli and in the blood he on a uniform curve after fifteen seconds the 
time necessary for substituting the gas mixture for the air m the lungs 

Patients I M and E G were both cases of congestive heart failure 
(Table 1) and in them apparently the transport of acetylene across the 
lungs was sufficiently rapid to ensure equilibrium, despite the fact that 
there was a slight degree of artenal anoxemia in both subjects The 
greater ease of attaining equilibrium between the blood and alveoli m the 
case of acetylene m comparison with oxygen, is what one might predict on 
strictly physical grounds Indeed, it may be said (m view of the experi- 
ments just cited and those previously reported) that it is improbable that 
interference with diffusion m the lung is ever the limiting factor of the 
acetylene method Because of its high solubility and its small molecular 
weight the tension of acetylene m the blood is the same as that in the alveoli 
to which this blood is exposed But if conditions exist in which part of 
the lungs are fibrosed, consolidated collapsed or so markedly edematous 
as to prevent its entrance and, therefore, the passage of acetylene into 
the blood, the acetylene method cannot measure the blood flowing through 
these portions of lungs 

One encounters subjects m whom analysis of the acetylene content of 
the blood shows a smaller concentration than is present m the supposed 
“ alveolar ” air An example is shown in Figure 4 which illustrates the 
lack of relation between the acetylene contents of the blood and of the 
“ alveolar ” samples In another similar expenment the same patient in- 
spired a mixture of gas, the acetylene tension of which was 54 4 mm , but 
whose artenal blood after breathing 55 seconds contained only 29 4 mm 
Mixing as tested on this patient (W C Table 2) i\as incomplete even 
after 50 seconds rebreathing The discordance m the acetylene content 
of “ lung air ” and blood as observed in this patient cannot be attributed 
therefore to any impermeability of the pulmonary epithelium but is due to 
an inability to obtain a true alveolar sample 

The Bum’ctt Robinson procedure 

On the basis of the experiments already cited we can define the condi- 
tions under which a given cardiac output method based on respiratorj 
manemres is applicable and the methods whercb> its applicability can be 
tested 
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The Burwell-Robmson procedure consists essentially m rebreathinp 
repeatedly from a bag in order to obtain a gas in equilibrium with the mixed 
venous blood Not only must mixture in the lung-bag system be ensured 
but sufficient time must be allowed thereafter for the blood to alter the 
composition of the gas m the bag The circulation time cannot be ex- 
ceeded and hence one is limited to a period of time about thirty seconds (in 
cases of congestive heart disease) in which to carry out the rebreathing 
The process can be carried out repeatedly, however, and in this way one 
may in normal individuals finally obtain a mixture in true equilibrium with 
the mixed venous blood Unfortunately, as has previously been indicated 
(4), constancy of the final mixture cannot (as has often been done in the 
past) be taken as a proof of equilibration A patient with a large volume 
of residual air can replace the air in his lungs partially during the prelim- 
inary rebreathing and dilute the gas in the bag to a certain extent only 
This was the source of error in a number of earlier methods 


TABLE 3 

The oxygen content of two bags during alternate rehreathings 
Subject P F (Table 1) 


Number of rebreathmgs 

1 

1 

Otygen content 

Bae 1 

Bag 2 

1 

per cent 

per cent 

4 


3 76 

5 ; 

4 95 

3 70 

6 

4 87 


8 

4 40 


9 

417 

1 

11 

y ■ 

3 85 

12 

415 



The experiment cited in Table 3 demonstrates how delusive constancy 
of the composition of the bag mixture may be The patient in this experi- 
ment (P F , Table 1) rebreathed alternatively from bags 1 and 2 as in the 
Burwell-Robmson method, the bags initially having contained mixtures of 
different oxygen contents After nine rebreathings the oxygen content of 
bag 1 was constant and equal to 4 16 per cent Bag 2, on the other hand, 
was little affected after the fourth rebreathing and had an oxygen content 
even after the eleventh rebreathing of only 3 85 per cent Both of these 
bags could obviously not be in equilibrium with the mixed venous blood 
and hence the supposition of their equilibration with the patient’s blood 
might lead to an erroneous result It must be remembered also that due to 
the steepness of the oxygen dissociation curve of blood at the degree of 
oxygen saturation of the mixed venous blood even slight differences in oxy- 
gen tension cause a considerable difference in the oxygen content from 
which, in turn, is calculated the cardiac output 
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The extent to which the source of error just described may iniahdate 
attempts to obtain a gas mixture m equilibrium with the mixed venous 
blood IS further demonstrated m Table 4 In this experiment the patient, 

TABLE 4 


Chatties in the oxyien conical oj (he hag during rebrealhings in a palienl wilh congcslne 
heart failure (E G Table I) 


Ex peri 
ment 
number 

Number 

1 ol wash 
breaths 

Time 

for 

washing 

Sample I 

Sample 2 

Sample 3 

1 

Time of 
collection 

\ 

Oryecn 

content 

Time of 1 
collection 

1 

Oxygen 

content 

1 

Time of 
collection 

1 

0 x 1 gen 
content 



seeondi 

seconds 

per cent 

ierontfs j 

Per cent 

seconds 

per cent 

1 

1 

5 

20 

4 27 

24 1 

4 27 

28 

4 19 

2 


s 

20 

3 99 

2S j 

3 99 

30 

3 91 

3 


7 ' 

27 

3 23 

30 1 

3 30 

34 

3 21 

4 


7 

23 

141 

1 


28 

3S6 

5 

■i 

9 

29 

3 38 

34 

3 2S 

38 

3 34 


E G , rebreathed from a bag containing 1 2 liter of nitrogen Samples 
were taken at various times during rebreathing The number of the pre- 
liminary “wash” breaths were varied (column 1) m order to vary the 
oxygen contents of the lung bag system m the different experiments The 
results demonstrate the marked effect which preliminary washings have on 
the final composition of the gas in the bag This was observed also by 
Bunvell and Robinson (3) The results also demonstrate the extremely 
small dianges in oxygen content of the bag which can occur during the 
breathing of mixtures varying as much as one per cent in composition 
The rise in oxygen content (in the 3d expenment) and the absence of a de- 
crease (in the first and second expennicnts) of the oxygen content between 
the collections of the first and second samples are due to inadequate mixture 
in the lung-bag sjstein The times in the Sth 7th and 9th columns refer 
to that which elapsed after beginning the washing Actual mixture occurs 
only after the beginning of rebreathing and hence fifteen seconds (in the 
first and second expenment), or sixteen seconds (in the 4th experiment), 
do not suffice for attaining homogeneous mixture in the lung bag system at 
the time of collection of the first sample from the bag 

In order to be certain that the value of a given experiment is not de- 
stroyed by the illusive constancy descnbcd, it is necessary to approach the 
final equilibrium with various oxygen contents in the bag After prelim 
inary rebreathing the patient should rebreathe a gi%cn mixture and two 
samples should be taken after adequate mixture has been attained and be- 
fore recirculation has begun It may be advisable to measure the ox>gcn 
content with an accuracy greater than ± 0 01 per cent in order to detect 
small changes such as are masked m Table 4 in which the results are accu- 
rate only to about ± 0 05 per cent 
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Another procedure which may possibly avoid the source of error under 
discussion IS one which was employed by Bunvell and Robinson Their 
subjects rebreathed alternately into hvo bags, the one having an oxygen 
tension below and the other an oxygen tension above that of the mixed 
venous blood In their normal subjects the oxygen tension of the two bags 
became identical We have verified their obsen^ations m several patients 
with cardiac disease, but have found others, especially cases of luetic aortic 
insufficiency, m whom the final values differed markedly as m Table 3 
Obviously the results obtained by this method, m patients with heart fail- 


ure, are open to grave errors unless one ensures the absence of all the viti- 
ating factors just described Other so-called " Fick ” oxygen or carbon 
dioxide methods are even more liable to error m such patients 


Tfie venous plateau method 

In applying this method one must consider the possible sources of error 
outlined in connection with the Burwell-Robinson metliod in obtaining the 
gas mixture used m the final rebreathing 

In drawing blood from the femoral artery certain precautions must, 
however, also be observed In the first place ample time must elapse to 
allow mixture between the gas m the bag and m the lungs to take place 
during the final rebreathing Samples of blood must be drawn either be- 
fore or within ten seconds after the patient stops rebreathing, otherwise 
mixture of partially aerated blood with mixed venous blood may give a 
plateau which is not representative of the true mixed venous blood Nor 
can the patient continue to rebreathe after the completion of a arculation 
time unless the composition of the rebreathed gas be maintained constant, 
for example, by allowing the patient to breathe from a spirometer con- 
taining gas identical m composition ivith that m the bag after the final 
rebreathing 

Despite the theoretical applicability of this method for permitting the 
prolongation of the rebreathing time, it is impracticable because anoxemia 
(particularly m patients with congestive heart disease) causes extreme dis- 
comfort and may initiate an attack of cardiac pam in persons with coronary 
disease or aortic insufficiency Anoxemia may m fact cause marked reduc- 
tion m cardiac output with consequent prolongation of the circulation time 
m diseased hearts Blood samples taken more than five to ten seconds 
after cessation of the rebreathing may therefore give a plateau which m 
no way represents that of the mixed venous blood The plateau corre- 
sponding to the mixed venous blood, to be reliable, must occur in the blood 
of the femoral arterj^ about ten seconds after adequate mixture in the lung- 
bag system has occurred Before this time the mixed lenous blood will 
lose oxygen if the patient has been "overwashed” m the preliminary 
" wash breaths ” or will take it up if this washing has been insufficient 
Only after homogeneous mixture has occurred does the blood reflect the 
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composition of the gas mixture m the bag Correlation of the time at 
which an oxygen plateau in the blood occurs with that of the stage of re- 
breathing is, therefore, of great importance 

A more detailed discussion of the possible sources of error in the Bur- 
well-Robmson and venous plateau methods will be given in a future publi- 
cation (7) 


The acetylene method 

The validity of the underlying assumptions of the acetylene method has 
been described in detail elsewhere (4) and need not be repeated In ap 
plying the method to cases with congestive heart failure one must consider 
the three fundamental requirements of the method (1) Do the samples 
taken for analysis represent the gas which is in equilibrium witli tlie blood 
traversing the lungs? (2) Does the gas m the alveolar air enter into 
equilibrium with the blood? (3) Is the rebrcathing procedure completed 
before the time of a complete circulation of the blood? 

As shown in Table 2 it is necessaiy to prolong the preliminary rebreath 
ing of the acetylene mixture longer in cases of congestive heart failure than 
in normal individuals before taking the first sample If the sample is 
taken before mixture occurs the resultant cardiac output will be false and 
may be as much as fifty per cent greater or less than the true value The 
question of attaining equihbnum across the pulmonary epithelium as al 
ready stated seldom, if ever, is involved in applying the acetylene method 
Care must be taken, however, not to continue rebreathmg beyond a circula 
tion time , otherwise the estimate of the cardiac output will be too low 

In applying the acetylene method in congestive heart failure how can 
Its applicability be tested without undertaking the laborious work of deter- 
mining the various factors just outlined? Taking three samples for analy- 
sis instead of two suffices for this purpose The apparatus previously de- 
senbed (4) has been altered to provide another capillary tube which 
permits collection of the third sample In cases of congestive heart disease 
the samples are taken preferably at 20, 2S, and 30 seconds after beginning 
the rebreathmg The samples taken at 20 and 25 seconds are used to cal 
culate one value and those taken at 25 and 30 are used for another If 
these agree within the limits of the cxpenmental technical errors one is 
assured that the assumptions underlying the applicability of the method arc 
valid and that the result is accurate In all measurements this procedure, 
involving as it does little extra work, is suggested even m cases m which 
the applicability of the method can be taken for granted 

In Figure 5 is reproduced an experiment illustrating these points The 
patient (P FJ , c/ Table 1) could bring mixture about, as shown in Table 
2, in twenty seconds Samples collected at 18 and 23 seconds gave an 
apparent cardiac output of 4 25 liters, a value too high because the first 
sample was taken at 18 seconds when mixture was not quite complete and. 
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had. therefore, a higher content of acetylene than was present in the alveoh 
and m equihbnnm with the Wood When samples were taken at 20 and 
5 seconds and at 25 and 30 seconds, values were obtained which agreed 
within the limits of the accuracy of the analytical methods employed The 
average of these values (3 8 liters) was the correct cardiac output of this 
patient under the condition of the experiment When the samples were 
taken at 30 and 35 seconds, the estimation was too low (3 1 liters), because 
blood containing acetylene had returned to the lungs In the cases of con- 
gestive heart failure which we have studied, recirculation was evident after 
30 seconds This circulation time as observed m these pathological cases 
IS longer than that observed (4) in normal persons due to the greater ve- 
locity of the normal blood flow ^ 



Fig 5 The Effect of Varying thc Time of Sampling on the Appar- 
ent Cardiac Output as Obtained by the Acetylene Method Subject 
P N (not basal) 

The ordinates represent the apparent cardiac output in liters per minute , the 
abscissae the average time of collection of the two samples used in determining 
the cardiac output The plateau represents the true cardiac output 


Compai isou of results by the different methods 

The diversity m principles upon which the acetylene method (foreign 
gas principle) and the Burwell-Robmson and venous plateau methods (oxy- 
gen Fick principle) are based gives importance to a comparison of results 
obtained by these methods when applied to the same patient In a pre- 
vious paper, Harrison, Friedman and Clark (7) have shown the excellent 


1 All discussions of the circulation time m the present paper refer obviously 
only to man It is well known (4) tiiat the relative circulatory rates in the 
smaller mammals is greater than it is m man Hence it is not surprising that 
Starr and Collins (Am J Physiol, 1933, civ, 650) should have found an ap- 
preciable return of blood to the heart m 15 seconds m dogs Their conclusions 
are obviously mapphcable to man 
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agreement obtained by the \anous methods m normal subjects This may 
be taken as added evidence for the accuracy with which the cardiac output 
in normal subjects may be measured by these methods In Table 5 are 


TABLE S 

A comparison of resuUs ohlaintd by the Buraell Robinson venous plateau and acetylene 
methods as applied to patients with congestive heart failure 



Oxygen 

consumption 

Acetylene 

method 

Burwell Robinson 1 
method i 

Venous plateau 
method 
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venous 

oxygen 

difference 

Cardiac 

output 

Arterio- 

venous 

OX) gen 
difference 

Cardiac 

output 

Arterlo 

venous 

oxygen 

difference 
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output 


ce per minute ' 

cc per liter ' 

tilers per 
minute 

ce per Uier 

liters per 
minute 
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liters per 
minute 

U R 
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90 

22 

94 
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90 

22 
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SO 

34 

50 

34 

SO 

34 

E B 

233 

71 

33 

61 

38 

68 

34 

M S 
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65 

33 

60 

3S 

67 

32 
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60 

36 

57 

37 

62 

34 

E G 

263 

81 

32 





P N 

258 

69 

37 





I M 

180 

84 

2 1 






given a series of results obtained m patients ^vlth congestive heart disease 
The procedures were performed at one sitting The results agree within 
the limits of the experimental errors involved and add further evidence of 
the validity of the theoretical considerations now discussed and the accu- 
racy of the results obtained 

Relatively few values of the cardiac output in congestive heart failure 
are to be found m the literature in which the necessary precautions have 
been taken to demonstrate the applicability of the method to the patient 
under investigation In view of the small number of cases which we have 
studied (Table 5) no final conclusion concerning the cardiac output m 
cardiac disease seems warranted Of the aght patients cited in Table 5, 
the cardiac index (4) is reduced m five and within normal limits in the re- 
mainder This does not necessarily imply, however, that the blood supply 
to the tissues in these cases is adequate, for under the disturbed conditions 
in the body, particularly in the presence of edema (8), the normal blood 
supply may still be inadequate for proper supply of the metabolic require- 
ments of the tissues During exertion, moreover the cardiac output in 
these patients may be markedly reduced from the normal (1) We have 
not yet found patients with congestive failure and abnormally great 
cardiac output 

Choice of methods 

As to the relative merits of using one or another of the methods studied, 
the labonousness of the Bunvell-Robinson and venous plateau methods 
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both to the patient and to the investigator renders them inferior to the 
relatively simple acet3dene procedure In persons with normal arterial 
oxygen saturation the method of talcing three samples, as advocated above, 
for the acetylene method should exclude the possibility of error With 
care, moreover, the method will be found to be applicable to a large per- 
centage of subjects with advanced cardiac disease and with mild congestive 
failure In those subjects m whom the method is not applicable, the 
venous plateau method may be applied Unfortunately, it is m these very 
cases that the pitfalls inherent in the latter method occur and great care 
and labor are required to avoid them A further study of these cases is 
contemplated 

SUMMARY 

A critical study has been made of the possible sources of error of the 
Burwell-Robinson, venous plateau and acetylene methods for measuring 
the cardiac output which may invalidate the results obtained when applying 
them to patients with congestive heart failure The methods to be used for 
detecting and avoiding these errors are indicated Results as obtained by 
these different methods are given 

It is a pleasure to express our appreciation to Dean W S Leathers for 
interest in the work and for a grant of money which made our collaboration 
possible We are also indebted to Dr C S Burwell for his helpful criti- 
cism and advice during the present study 
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The therapy of diphtheria and control of the disease is largely based 
on outstanding achievements in the field of immunology, starting with von 
Behring’s discovery of antitoxin, going on to Schick’s method of measuring 
susceptibility to toxin and culminating m the development of means of 
producing active immunity by injection of a toxin antitoxin mixture Al- 
though the administration of antitoxin constitutes the chief mode of treating 
diphtheria, in a considerable number of severe cases this therapy alone is 
inadequate It was believed, therefore, that additional study of the meta 
bolic disturbances of diphtheritic intoxication was indicated and might 
supply data which would suggest additional lines of treatment This and 
three subsequent papers (29, 30) will report studies in this field 

Disturbances m carbohydrate metabolism during experimental and clinical 
diphtheritic intoxication have been the subject of intensive investigation In 
1914, Rosenthal (1) demonstrated delayed sugar tolerance curves in rabbits 
following the injection of diphtheria toxin This was confirmed by other m 
\estigators (2, 3 4) With doses of toxin which lead to death m two to three 
days Rosenthal and others (4 5 6) frequently found markedly reduced fasting 
blood sugar values 12 to 24 hours before tlie death of the animals Lawrence 
and Buckley (7), injecting smaller doses of diphtheria toxin (causing death m 
from 6 to 8 days), noted the occasional occurrence of a pre lethal rise m the 
blood sugar Schwentker and Noel (6) demonstrated a similar tendency to 
wards hyperglycemia in the less severely intoxicated animals They found a 
fairly close direct relationship between the period of survival and tlie elevation 
of the blood sugar Impairment of the normal blood sugar depressing action of 
insulin was demonstrated in rabbits poisoned with diphtheria toxin by Lawrence 
and Buckley (7) and by Netzley (8) Sweeney (4), on the otlier hand, could 
find no diminution in the response to insulin, under similar conditions 

Investigations during the course of diphtheria in humans yielded results 
which are similar m manj respects to those cited above Hector (9), in 1926, 
found delayed sugar tolerance curves m 5 of 6 patients These tests when re 
peated during convalescence were all normal Similar findings were reported 
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by Elkdes and Heirnann (10), Prochajka (11), Sdnventker and Nod (6) 

(i2) and Brems (13) In occasional patients tlie 
fasting- blood sugar values were found moderately elevated (9, 10, 13), m one 
patient reported by Elkdes and Heimann, as high as 400 mgm per cent The 
latter autJwrs also reported e\tremdy low blood sugar values in some of their 
I«tients The injection of insulin prior to the administration of glucose for 
the sugar tolerance tests was found by Elkdes and Heimann to ha^e no appre- 
ciabJe effect upon the resulting curve Schwentker and Noel, on the other hand, 
found that the iniection of insulin dehnitdy altered the response in the direction 
of the normal sugar tolerance curve 

The occurrence of glycosuria during the clinical course of diphtheria has 
been noted Hibbard and Morrissey (14) found reducing substances in the 
urine of 34 of 96 patients and in 8 of 9 fatal cases The glycosuria in tlie non- 
fatal cases was transitory, disappearing during convalescence Brems (13) 
also found spontaneous glycosuria in some of his patients Elkeles and Hei- 
mann, on the other hand, failed to find urinary sugar in any of the cases, despite 
the presence of hyperglycemia 

The bearing of the above investigations upon the nature of the disturbance 
in carbohydrate metabolism during diphtheritic intoxication has been the subject 
of much speculation The suggestions that have been offered fall principally 
into two groups, namely (1) a disturbance in the adrenals or related glands of 
internal secretion, (2) a depression or dysfunction of the insulin mechanism 
Rosenthal (1), Mikami (5) and Elkeles and Heimann (ID) favored the former 
concept of adrenal damage, although Rosentlial felt that liver injury played an 
important but secondary role Lawrence and Buckley (7), on the basis of 
histological evidence of injury to the thyroid and adrenals, implicated the latter 
glands as the responsible factors Hector (9) considered that the basis for the 
disturbance lay in a derangement of the entire endocrine apparatus as well as 
moderate liver injury The insulin mechanism was believed primarily respon- 
sible for the disturbances of carbohydrate metabolism by Sweeney (4), Sweeney 
and Lackey (3), Schwentker and Noel (6) and Benn, Hughes and Alstead 
(12) The latter two groups of investigators utilized insulin and glucose as an 
adjunct to the antitoxin treatment of the disease with apparently good results 

The literature on the nonprotein nitrogen constituents of the blood is less 
voluminous In 1914, Karsner and Denis (15) found, following the injection 
of diphtheria toxin into cats, a slight increase of the nonprotein nitrogen during 
the first 2 days and then a marked rise up to 200 mgm per cent 1 or 2 days be- 
fore death f4 to 6 days) They attributed these results to the development of 
a nephritis, tubular in nature, during the early phase of the intoxication and 
vascular during the latter phases Glesmger-Reischer and Glesinger (16) 
found the blood urea nitrogen greater than 30 mgm per cent in 16 of 21 pa- 
tients with diphtheria and over 50 mgm per cent in seven Following the ad- 
ministration of antitoxin, 20 to 50 per cent reductions in the urea values oc- 
curred in about half of the patients Because of the essentially negative uri- 
nary findings they attributed the elevations in blood urea to the toxic destruction 
of body proteins Prochajka (11) found that the nonprotein nitrogen of the 
blood was a most valuable prognostic sign in diphtheria patients From a study 
of 86 cases he cited the following statistics (1) when the nonprotem nitrogen 
was less than 40 mgm per cent, the mortality was 5 per cent, (2) when the non- 
urotein nitrogen was betiveen 40 and 50 mgm per cent, the mortality was 32 
per cent, (3) when the nonprotem nitrogen was over 80 mgm per cent, tne 
mortality was 69 per cent 
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In experimental animals and patients with diphtheria LerebouIIet, Gournay 
and Donato (17) found elevated blood urea hut no disturbance in elimination of 
phenolsulplionephtlialein nor marked histological changes in the kidneys They 
emphasized the fact that the degree of azotemia was directly proportional to tlie 
severity of the diphtheritic intoxication and believed that the elevation in blood 
urea was brought about by a suprarenal disturbance It is important to point 
out here that the phenolsulphonephthalein excretion test becomes difBcult of 
interpretation in the presence of the severe liver damage tliat is usually found 
in diphtheritic intoxication Hanner and Whipple (18) showed that liver in- 
jury produced by chloroform and phosphorus poisoning was accompanied by a 
definite increase in the renal excretion of tlie dve A normal excretion during 
diphtheria therefore cannot be used as an indication of normal renal functions 
Derot (19) demonstrated, in rabbits injected with diphtheria toxin that the rise 
in blood nonprotein nitrogen was accompanied by a roughly parallel rise in 
blood creatinine 

No reports of amino acid determinations in experimental diphtheritic poison 
ing or clinical diphtheria have been found in the literature 

PROCEDURE AND METHODS 

Rabbits weighing from 1400 to 2000 grams were employed in this investiga- 
tion as the experimental animals The diet for approximately one week prior 
to the experimental period consisted of a liberal supply of greens and oats All 
food was removed from the cages 24 hours before the injection of the diphtheria 
toxin, and none was given during the balance of the experimental period W a- 
ter was supplied in liberal quantity The diphtheria toxin used was found to 
contain 62 minimal lethal doses per cubic centimeter The toxin was diluted 
with sterile saline so that the calculated dose was contained in about 0 3 cc of 
solution This was injected intravenously 

One series of animals received approximately three quarters, and another 
series tivo to three minimal lethal doses The smaller dose caused the death of 
the animals in from 4 to 7 days, the larger dose, in from 1 to 3 days The ani- 
mals were bled by cardiac puncture every day or every other day, depending on 
the severity of the intoxication About 5 cubic centimeters of blood were 
drawn off and transferred to a bottle containing sufficient potassium oxalate to 
prevent clotting Each bottle also contained a small quantitj of powdered so 
dium fluc*'ide to inhibit glycolysis The Tolin Wu method of precipitation was 
used to obtain a protein free filtrate 

For the blood sugar determinations the Shaffer, Hartmann and Somogyi 
(20) metliod was employed Nonprotein nitrogen was determined colorimetri- 
cally by direct Nesslerization following digestion of the protein free filtrate 
with sulphuric acid and 30 per cent hydrogen peroxide Lactate was determined 
by the metliod of Avery and Hastings (21 ) 

Amino acid nitrogen was determined by Folin s colorimetric method (22) 
It was found using the quantities prescribed by Folm, namely, 5 cc of the 1 10 
filtrate and 1 cc of the 0 5 per cent solution of sodium j8 naphtlioquinonesul- 
fonate, that the largest concentrations of amino-acid nitrogen which could be 
determined with any degree of accuracy approximated from 6 to 10 mgm per 
100 cc of blood Schmidt (23) made this same observation in a paper pub 
lished in 1929 It was found most practicable in cases where there was doubt 
as to tlie approximate concentration of the ammo acid nitrogen to set up a series 
of 3 tubes for each specimen of blood containing 1, 3 and 5 cc respectiielj of 
the frttrate and to add 2 cc of the reagent to each The tube in which the color 
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that developed was most closely matched by the standard, was used for the 
colorimetric comparison The error in tlie method is appro\imately 5 per cent 
m the lower values and 10 per cent when dealing with values m the vicinity of 
40 to 60 mgm per cent ^ 

RESULTS 

The results are summarized m Tables I and II, and representative ex- 
periments are graphically presented m Charts 1 and 2 It is evident that 
the data confirm the findings of previous investigators as to the changes 
that occur in the blood nonprotein nitrogen and sugar during the experi- 
mental intoxications Briefly, the results can be described as follows 



24 46 72 24 48 72 

HOURS AFTER INJECTION 


Chart 1 Changes of Blood Sugar, Nonprotein Nitrogen and Amino- 
acid Nitrogen Following the Injection of 3 Minimal Lethal Doses of 
Diphtheria Toxin 

After a relatively large dose of toxin, i e , one causing death in less than 
3 days, there is a progressive increase in the nonprotem nitrogen which 
can be demonstrated as early as 24 hours after the injection, a definite 
tendency for the blood sugar to fall, m some cases, to relatively low levels, 
a rather abrupt rise in the ammo-aad nitrogen (Chart 1) After a smaller 
dose of toxin, i e , one causing death in from 4 to 7 days, the changes are 
slower m appearing, but just as defimte (Chart 2) These are a gra ua , 
but progressive rise m the nonprotem nitrogen, a tendency for the blood 
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sugar either to change little or to rise to definite hyperglycemic levels , and 
a slight to moderate rise in the amino acid nitrogen early with in some 
cases a tendency for the ammo acid nitrogen to decrease subsequently, or 
remain moderately elevated until the death of the animal 



Chart 2 Changes of Blood Sugar, Nonprotein Nitrogen and Amino 
ACID Nitrogen Following the Injection of 0 8 Minimal Lethal Dose of 
Diphtheria Toxin 

The nonprotein nitrogen rises at a regular rate with both doses of toxin 
Although the nonprotein nitrogen increases more rapidly in the animals re 
ceiving the larger dose of toxin it attains greater final concentration in 
the animals receiving the smaller dose of toxin Apparently the final 
height of the nonprotein nitrogen is dependent chiefly on the duration of 
the intoxication 

The sugar and amino acid nitrogen values present an interesting rela- 
tionship This can be more clearly observed in some of the individual ex- 
periments With the larger dose of toxin, as the blood sugar fell, the 

38 



772 


experimental diphtheritic intoxication I 

^mo-acid nitrogen rose For ex'ample, m Experiment 11 (see Chart 1) 
the blood sugar after 24 hours was 113 mgm per cent and the ammo-aod 
nitrogen 35 mgm per cent Coincident with the fall in sugar to 65 the 
ammo-acid nitrogen rose to 55 Again, m Experiment 15. as the sugar 
fell from 11/ to 73 the ammo-acid nitrogen rose from 16 1 to 41 5 Simi- 
larly, m Experiment 13, the ammo-acid nitrogen rose from 15 to 60 while 
the sugar fell from 135 to 108 In general it may be said that in the rabbits 
that die before the 3d day after having received relatively large doses of 
diphtheria toxin, the hypoglycemia is almost invariably accompanied by a 
marked amino-acidemia 

In the experiments in which the rabbits received smaller doses of toxin 
and survived from 4 to 7 days, the situation was somewhat different The 
changes can best be pointed out m the experiments in which the animals 
survived the longest, namely. Experiments 3 and 10 (Chart 2) In these 
there is, at first, a very slight fall in the blood sugar values, coincident 
with a slight rise in the amino-acid nitrogen Later, as the hyperglycemia 
develops, there is a tendency for the ammo-acid to remain relatively sta- 
tionary or to return to the pre-injection level As has been pointed out, 
not all of the animals receiving the small dose of toxin develop hypergly- 
cemia, nor do all show this relationship between the height of the blood 
sugar and the amino-acidemia as definitely as it has been described above 
The significance of this will be discussed later 

PATHOLOGY 

A number of histological sections were made of the various organs of 
the animals used in the chemical studies Although these sections do not 
demonstrate any facts not already recognized, they permit correlation of 
the anatomical changes with the various stages of diphtheritic intoxication 
manifested m the chemical disturbances Briefly, the histological changes 
in the animals receiving the larger dose of toxin were as follows (1) Ne- 
crosis of the liver parenchyma involving in some cases the major part of 
the liver cells (2) A tubular and glomerular nephritis which in extreme 
cases led to necrosis of large areas of the kidneys (3) Degeneration of 
heart muscle fibers (4) Hemorrhages in various organs including the 
adrenals and intestines The last finding was not constant, but occurred 
in the animals most severely affected The findings in the rabbits receiving 
the smaller doses were similar but less acute and extensive The myo- 
cardial fibers were occasionally surrounded by round cells and some repair 
was apparently taking place The liver in these, also, showed necrosis, 
which in some cases was limited to the area surrounding the central vein, 
with dilatation of the liver capillanes which gave a picture indistinguish- 
able from that of chronic passive congestion The kidney lesions were 
definite but did not seem to be necessarily irreparable Usions of the 
adrenal parenchyma, except m the presence of hemorrhage, could not be 
recognized with certainty after either dose All the animals showed a 
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certain degree of dehydration as evidenced by diminished skin turgor, a 
relative increase in the concentration of hemoglobin (30) and loss of 
weight of 10 to 20 per cent m typical cases All these findings have been 
descnbed in human cases We would particularly call attention to the 
liver and kidney lesions which have been overlooked most frequently 

DISCUSSION 

The elevation of the nonprotein nitrogen can be most logically related 
to nephritis This is confirmed also by the fact that the elevation of 
ammo acid nitrogen does not parallel that of the nonprotein nitrogen Un- 
doubtedly dehydration aggravated the renal insufficiency Control experi- 
ments demonstrated that starvation alone may lead to an elevation of the 
nonprotem nitrogen but this rarely exceeded 75 mgm per cent 

Previous work indicates that liver injury is the chief cause of elevation 
of ammo acid nitrogen Marshall and Rowntree (24) found elevated 
blood ammo aad nitrogen in the terminal stages of phosphorus and chloro- 
form poisoning Lewis and Izume (25) found a similar elevation in 
hydrazine poisoning m rabbits Elevations of amino acid nitrogen are also 
reported in acute yellow atrophy (Rabinowitch (26) ) , and in experimental 
yellow fever (Wakeman and Morrell (27)) Apparently the margin of 
safety in the deaminization function of the liver is so great that only ex- 
treme destruction of the liver leads to increase in the ammo acid nitrogen 
Although an increase has been reported in rare cases of uremia, nephritis 
IS not usually considered a cause of ammo acidemia The degree to whicli 
the ammo-acid nitrogen increased in the rabbits given diphtheria toxin is 
greater than that reported in severe hepatic disease in humans, except m 
a few instances (Rabinowitch) The data demonstrate marked disturb 
ances of liver function corresponding to the extensive liver necrosis 

We have been unable to find reports of blood amino acid nitrogen de- 
terminations in patients with diphtheria and have only had opportunity to 
make this determination ourselves in two cases of severe diphthena In 
neither was there an elevation of ammo acid nitrogen although one patient 
developed definite myocardial degeneration and severe neuritis Probablj 
only a small number of the most severe cases will show an elevation of the 
ammo acid nitrogen 

With the recognition of the role of hepatic degeneration m severe dipli 
theria intoxication, the abnormality of carbohydrate metabolism receives 
an adequate explanation With the greatest degrees of liver injury, the 
function of deaminization is diminished and presumably other related proc- 
esses which serve to convert non carbohydrate material to glucose fail 
The loss of stored glycogen and the breakdown of the processes of gly- 
coneogenesis lead to hypoglycemia. In Paper II of this senes (29a) 
failure of the liver injured by diphtheria toxin to store glycogen is demon- 
strated These findings are in agreement with the work of Corkill (28) 
This inability to store glycogen occurs m the animals receiving large and 
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small doses of toxin and can be demonstrated in animals at stages of the 
intoxication when no elevation of amino-acid can be demonstrated With 
persistence of hepatic glyconeogenesis and impairment of hepatic gly- 
cogenesis, hyperglycemia develops Since varying degrees of failure of 
these two hepatic functions may occur simultaneously, varying degrees of 
hypo- and hyperglycemia are found As has been pointed out, hypo- 
glycemia seems to be related to the rapidity of the increase of amino-acid 
nitrogen, and hyperglycemia to the period of survival when no increase in 
the amino-acid nitrogen occurs 

The relation of failure of hepatic glyconeogenesis to accumulation of 
blood lactic acid is presumably close An attempt was made to study this by 
daily blood lactic acid determinations The data are presented in Tables I 
and II One hesitates to draw any conclusions from this material because 


TABLE I 

Changes tn blood sugar, lacltc actd and nonprotein and ammo acid nitrogen following the 
mlravenoiis injection of 3 ■minimal lethal doses of diphtheria toxin 








Period of 
survival 

Experiment 

number 

following 
injection 
of toxm 

Nonprotem 

nitrogen 

Sugar 

Ammo acid 
nitrogen 

Lactic 

acid 



hours 

mgm 

i>tr cent \ 

mgm 
per cent 

mgm 
per cent 

m Eq 
per liter 

hours 



50 

103 

70 

24 



24 

206 

113 

37 0 

84 


11 

48 

250 

65 

65 0 

12 7 

50 



40 

135 


Bm 


12 

24 

170 

77 ' 



28 



50 

129 i 

10 2 

34 



24 

100 

135 1 

ISO 

66 



48 

225 

118 1 

410 

8 1 

59 

13 

54 

265 

108 

60 0 

90 1 

^1 



44 

133 

mIM 

76 

34 

14 

24 

90 

72 

mfm 

97 



56 

128 

10 8 

57 



24 

100 

117 

161 

49 

40 

1— 

15 

36 

220 

73 

41 5 

58 

1, 



40 

116 

11 5 

6 1 

27 

16 

24 

92 

63 

32 0 

1 

72 

— 1 

1 


— 

119 

10 2 


32 

17 ; 

24 


82 

27 8 

■H 

1 

1 


mSm 

128 

90 

50 

36 

18 

24 

MM 

101 

; 29 5 



7 2 



48 


94 

63 


19 

36 

60 

200 

350 

H 

1 34 5 

66 0 

48 

12 0 

63 
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TABLE II 

Changes tn blood sugar lactic actd and nonprofetn and ammo aad ntirogen following the 
intravenous injeclton of mimmal lethal dose of dtphlhena toxm 


Experiment 

number 

Period 

foUowinc 

injection 

1 of toxin 

Nonprotein ^ 
nitrogen ' 

Sugar 1 

Amino acid 
nitrogen 

lACtlc 

acid 

Period of 
survival 


1 hours 

tnjm 

per cent ' 

mgm 1 
per cent 

mgm 
per cent 

m Eq 
per liter 

Aowrr 


1 

40 

123 


9 7 



48 

148 

122 1 


62 



96 

320 1 



58 


1 

120 

410 1 

11 

114 

68 

128 



43 

136 

95 ' 

10 7 



48 

80 

112 1 

13 2 

62 



96 

125 1 

137 

14 0 

82 



120 

210 

218 

14 9 

78 



144 

260 

196 

12 5 

50 


2 

172 

380 


12 8 

50 

176 



40 

133 

94 

93 



48 

71 

116 

17 3 

82 



72 

144 

109 

16 6 

56 



96 


122 

12 3 

48 



120 


149 

11 6 

5 6 


3 

168 

soo 

187 

10 0 

77 

184 



i 44 

105 

88 

7 1 



48 

91 

123 

15 8 

63 



72 

240 

129 

14 0 

7 5 


4 

96 

450 

109 

16 9 

65 

97 


mm 

42 

127 

97 

86 1 




100 

118 

14 4 

73 


S 


380 

160 

16 0 

50 

90 


1 

33 

119 

88 

92 



48 

105 

118 

15 4 

87 


6 

96 

350 

122 

21 0 

12 7 

104 



45 

111 

11 0 

48 



48 

154 

114 

19 5 

10 5 


7 

96 

330 

215 

22 0 

92 

104 



44 

131 

98 

95 



48 

85 

120 

13 9 

82 


8 

72 

230 

132 

34 0 


82 



1 

1 48 

140 

95 

60 



48 

73 

116 

13 7 

64 



72 

185 

134 

27 0 



9 

96 

300 

237 

32 0 


98 



40 

122 

99 

56 



48 

83 

116 

13 4 

12 5 



72 

190 

100 

19 0 




96 

250 

132 

14 8 



10 

120 

340 

165 

15 2 


128 
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of the Wide variation m blood lactic acid levels in the normal animals 
The pre-injection levels were so frequently markedly elevated, due to 
struggling during the removal of blood samples from the hearts, that we 
regard lactic acid determinations in rabbits as unreliable indices of the 
state of blood lactic acid under resting conditions In general, one may 
say that with the less severe intoxication there is less tendency for the 
lactic acid to reach the markedly elevated levels that are sometimes en- 
countered in the severely intoxicated rabbits 

A similar unreliability of the blood sugar values might be suspected 
However, essentially the same concentrations as those reported in this 
paper were found in blood taken from the ear when struggling was minimal 
This fact, together with uniformity of the trend of the results, leads us to 
consider the blood sugar values reliable 


SUMMARY 

1 The blood sugar, amino-acid nitrogen, nonprotem nitrogen, and 
lactic acid were studied m fasting rabbits which had intravenous injections 
of small and large doses of diphtheria toxin 

2 During the severe intoxication, hypoglycemia, marked amino-acid- 
eraia and azotemia were found 

3 A tendency was demonstrated for the hypoglycemia to occur while 
the ammo-acid nitrogen was rapidly increasing 

4 During the mild intoxication hyperglycemia could be demonstrated 
m most of the animals that survived for 5 or more days Under these 
circumstances the ammo-acid nitrogen was only slightly elevated Non- 
protem nitrogen became markedly elevated 

5 It is pointed out that the azotemia is probably related to nephritis 
produced by the toxin and perhaps aggravated by dehydration The 
ammo-acidemia is apparently brought about by extensive liver necrosis 
The varying degrees of hypo- and hyperglycemia probably are related 
to varying degrees of failure of hepatic glyconeogenesis and glycogenesis 
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In the first paper of this series (12) it was pointed out that during 
diphtheritic intoxication in rabbits there was evidence of liver disturbance, 
manifested by a marked nse m the ammo acid nitrogen which m the more 
severe intoxications was accompanied by a hypoglycemia When smaller 
doses of toxin were injected the amino aad nitrogen changed but little, 
while the blood sugar remained relatively normal or rose to hyperglycemic 
levels Accompanying these changes the nonprotein nitrogen rose mde- 
pendentlv of the ammo acid nitrogen, a finding which seemed to be asso 
ciated with the nephntis which could be demonstrated histologically 

In order to associate, if possible, these findings of hypoglycemia, hyper- 
gljcemia and normal sugar values with liver injury, the assumption was 
made that the two chief functions of the hver concerned with carbohydrate 
metabolism may be injured separately or in varying degrees It was felt 
that the failure of deaminization as indicated by the elevated amino-acid 
nitrogen concentrations could be interpreted as a type of injury that might 
be associated with the failure of hepatic glyconeogenesis leading to hypo 
glycemia However if the formation of glucose from non carbohydrate 
matenal is only slightly impaired, a failure of hepatic glycogenesis would 
result in hyperglycemia 

The following experiments were designed to study the ability of rabbits 
suffering from diphtheritic intoxication to store glycogen in the various 
tissues The effect of intravenous injections of glucose with and without 
insulin, on the hver and heart glycogen concentrations, is reported 

PROCEDURE AND METHODS 

Rabbits weighing about ISOO grams were injected intravenously with 3/4 
to 1 minimal lethal dose of diphtheritic toxin This dose caused death in from 
3 to 7 davs The rabbits were on a slock diet consisting of oats and greens 
until 24 hours before the injection of the toxin when the food was removed 

' This work was aided by a grant from The Com Products Refining Com- 
pany 
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from the cages Starvation was maintained throughout the balance of tlie 
experiment water was offered freely The level of tlie blood nonprotem nitro- 
gen vvas used as a fairly reliable index of the seventy of the intoxication , tins 
was determined daily and when jt reached 100 to 150 mgm per cent or higher 
the operative phase of the experiment was started (Previous experience indi- 
cated that diphtheritic rabbits with a blood nonprotem nitrogen level of this 
magnitude die within 24 to 48 hours ) As an anesthetic, one-half cubic centi- 
meter of a 10 per cent freshly prepared amytal solution per kilogram of body 
weight was injected intraperitoneally Following the development of adequate 
anesthesia the liver was exposed by a mid-line upper abdominal incision A 
section of liver weighing approximately 3 to 5 grams was removed, bleeding 
being effectively controlled by a ligature, and was immediately cut into small 
pieces and dropped into a weighed tube containing 60 per cent potassium hy- 
droxide for glycogen determination In one senes of animals 5 cc of a 50 per 
cent glucose solution was then injected intravenously immediately, and again 
after an interval of 20 minutes In another senes the same technique was em- 
ployed except that 2 1/2 units of insulin were injected along with the glucose 
solution One hour following the last administration of glucose another section 
of liver was obtained for glycogen determination (Preliminary experiments 
had shown that the increase of liver glycogen was approximately the same after 
one as it was after two hours ) The hearts were removed at the same time as 
the second liver section The controls were subjected to precisely the same pro- 
cedure, including the starvation regime, for a similar period of time 

Data referable to the glvcogen content of liver, heart and skeletal muscle 
were obtained from another senes of animals on a similar fasting regime The 
tissues were removed within 30 seconds after the animal was stunned by a blow 
at the base of the skull At the time of these determinations the blood non- 
protein nitrogen of the diphtheritic animals was about 150 to 200 mgm per 
cent The same dose of toxin was used in this senes as in the one previously 
described 

The glycogen method employed was fashioned after Pfluger's original pro- 
cedure but was sufficiently modified to warrant description About 5 grams of 
tissue were cut into small sections as soon as possible after removal from the 


animal and collected in a weighed centrifuge tube of 100 cc capacity containing 
10 cc of 60 per cent potassium hydroxide solution, which was then reweighed 
Digestion was allowed to take place in a steam bath for a period of three hours, 
or until a relatively clear liquid resulted Approximately 75 to 80 cc of 95 
per cent alcohol were then added and the tube allowed to remain in a refrigera- 
tor overnight to insure complete glycogen precipitation The tube was then 
centrifuged at moderate speed for 10 minutes, the supernatant fluid siphoned 
off and the glycogen precipitate washed with 25 cc of 95 per cent alcohol 
Following another centrifugation for 10 minutes the supernatant fluid was 
again removed One drop of phenolphthalein and 25 cc of water were added 
and the resulting solution neutralized by the careful addition of 25 per cent 
hydrochloric acid (This usually required 4 to 5 drops ) Two and one-half 
cc of the acid were then added, producing a final acidity approximately equiva- 
lent to a 2 1/2 per cent hydrochloric acid solution The glycogen was then 
hydrolyzed bv heating in a steam bath for three hours The resulting solution 
was neutralized and made up to a suitable volume and the glucose content de- 
termined in aliquots by Somogji’s modification of the Shaffer-Hartmann sugar 
method The glvcogen content is expressed as milligrams of glucose per gram 
of tissue The method has an error in duplicates of about 8 per cent 
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RESULTS 

In Chart 1 are graphically tabulated the results of the determinations 
of the glycogen content of liver, muscle and heart, m both diphtheritic and 
normal animals There are two striking observations to be made first, 
that there is essentially no difference in the glycogen content of the heart 
and skeletal muscles of the diphtheritic as compared to the normal animals 
second, that there is a definite diminution in the glycogen content of diph 
theritic livers as compared to normals 



• NORMAL DIPHTHERITIC 

Chart 1 The Glycogen Concentration op Liver Heart and Muscle in 
Normal and Diphtheritic Rabbits 

The glycogen content of normal and diphtheritic livers before and after 
the injection of glucose and glucose plus insulin is graphically represented 
in Chart 2 The glycogen concentration of the liver before and after the 
glucose and glucose plus insulin injections is represented by a circle and 
arrow end respectiv elv The length of the intervening line represents the 
actual increase in gl) cogen concentration in milligrams per gram of tissue 
In the normal animals the injection of glucose brought about an increase 
in the glycogen content of the liver which varied from 6 to 29 mgm per 
gram of tissue, in other words an increase of from approximately 0 S to 
2 per cent in glycogen concentration The addition of insulin, it will be 
seen, had no appreciable effect in normal animals a finding which is simi 
lar to that described by other investigators 

In the diphthentic animals on the other hand, following the injection 
of glucose the increase in liver glvcogen varied from less than 1 mgm to 
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In Chart 3 the results of the glj cogen determinations on the hearts of 
the normal and diphtheritic animals, following the intravenous injection of 
glucose, with and without insulin, are represented These have been com- 
pared to the values found in the untreated animals There is no significant 
difference m the cardiac glvcogcn of normal and diphthenbc animals fol 
lowing injections of glucose However, the cardiac glycogen of diph- 
theritic animals following the injection of glucose plus insulin may be 
significantly greater than in the other groups 

DISCUSSION 

Early in this investigation it was appreciated that diphtheritic rabbits 
refuse all food relatively soon after receiving an injection of toxin and 
should, therefore, be regarded as fasting animals Since one of the strik- 
ing effects of starvation is a depletion of the glycogen stores, it was ap- 
parent that in a comparative study of glycogen content of various tissues 
m normal and intoxicated animals, one would have to consider not only the 
effect of the diphtliena toxin but also of starvation It was felt that the 
most practical procedure for minimizing this difficulty was to maintain both 
groups of animals on a similar fasting regime We thus felt that any dif- 
ferences encountered in the glycogen concentrations of the examined tis- 
sues could with greater reliability, be attributed to the effect of the diph- 
theria toxin alone 

Although diphtheria both clinically and experimentally, is a generalized 
disease process and not limited to any one particular organ it is ne\ erthe- 
less true that the myocardial involvement is an outstanding and relatively 
frequent manifestation of a severe intoxication Warthin (1) m his re- 
view of the anatomical changes in the heart in diphtheria suggested the 
possibility that some of the encountered lesions may well be related to a 
nutntional disturbance Schwentker and Noel (2), who, on the basis of 
their experimental and clinical investigations and a review of the literature, 
stressed the theory of insulin dysfunction as the cause of the carbohydrate 
disturbance, believed that failure of glycogenesis played an important role 
in the myocardial insufficiency It was therefore with interest that we 
noted no essential difference in the glycogen concentration of the hearts 
of diphthentic and normal animals As far as we can determine from a 
review of the available literature there have been no determinations of 
heart glycogen in diphthentic animals 

The few determinations of heart glycogen before and after injection of 
glucose cannot be interpreted with certainty There is no evidence that 
the amount of glucose injected increased the heart glycogen in either the 
diphthentic or normal animals The group of diphthentic animals sub- 
jected to intravenous injection of glucose plus insulin have slightly higher 
heart glycogens than the controls The difference in the averages is just 
three times the probable error of the differences However, in a small 
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number of determinations such a difference cannot be regarded as more 
than suggestive 

An occasional reference to muscle glycogen determinations in experi- 
mental diphtheritic intoxication is found in the literature Sclnventker and 
Noel found the muscles of three animals completely devoid of glycogen and 
in a fourth, 0 16 per cent Rosenthal (3) m three rabbits found the 
muscle glycogen to be 0 165, 0 245 and 0 305 per cent respectively We 
have found in six animals the glycogen concentration to vary from 0 23 to 
0 43 per cent, but we have also found that in six normal animals under a 
similar starvation regime the muscle glycogen was approximately of simi- 
lar magnitude, varying from 0 26 to 0 42 per cent In other words, as in 
the case of cardiac glycogen, no essential difference could be demonstrated 
between the muscle glycogen of normal and diphtheritic animals 

An entirely different picture is presented when one examines the values 
for the glycogen concentration of the livers in the diphtheritic animals 
In this case there is a definite decrease in the intoxicated rabbits, the glyco- 
gen content varying from 0 12 to 0 63 per cent, and averaging about 0 35 
per cent, while in the normal but fasted rabbits the concentration in the liver 
varies from 04 to 2 0, averaging about 10 per cent Whether thejiver 
shares to a greater extent in the general systemic intoxication than does 
either the heart or muscle, as these data would seem to imply, is not abso- 
lutely clear Histologically the liver exhibits more injury than the cardiac 
or skeletal muscle However, it is probable that a large part of the liver 
glycogen serves primarily as storage material, and that it is the diminution 
m this fraction which accounts for the marked difference m the glycogen 
concentration encountered On the other hand in the heart and to a lesser 
extent in muscle, most of the glycogen content is intimately related to the 
immediate metabolic needs of the tissues in question, and is, therefore, less 
likely to be involved m an injury of relatively similar degree than is the 
glycogen of the liver 

The data obtained in the study of hepatic glycogenesis show a marked 
disturbance in the ability of the diphtheritic liver either to store or to form 
glycogen or both Furthermore, the injection of insulin does not correct 
this deficiency Numerous investigators have demonstrated a marked de- 
crease m carbohydrate tolerance as evidenced by diabetic-hke sugar tol- 
erance curves Moreover, Lawrence and Buckley (4), Netzley (5) and 
Sweeney (6) m animals, and Elkeles and Heimann (7) and Schwentker 
and Noel (2) in human cases of diphtheria, have found a decided impair- 
ment in the normal depressing action of insulin on the sugar tolerance 
cun'es As was previously pointed out, this has been interpreted by some 
to signify insulin dysfunction or actual insufficiency It is apparent that 
an inability of the liver to remove glucose for storage as glycogen would 
adequately explain a delayed or elevated sugar tolerance cun'e and apparent 
refractoriness to insulin Obviously, such a failure of hepatic glycogenesis 
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does not necessanly signify any inability to burn carbohydrate In the 
third paper of this senes we demonstrate by means of respiratory quotients 
determined during the course of the intoxication that diphthentic rabbits 
can bum carbohydrate 

The occurrence of severe liver injury during diphtheritic intoxication 
IS by no means unrecognized Pathologically this was noted many years 
ago by Babes (8), Welch and Flexner (9) Fahr (10), and others His- 
tologically, the lesion consists essentially of varying degrees of necrosis in 
the region of the central vein From our own experience in examining 
numerous sections of liver obtained from diphtheritic animals, this has 
been the most constant and stnking pathological finding In many cases 
the destruction was so extensive that very little normal hepatic tissue could 
be seen 

It may be pertinent, m this connection, to point out the striking simi- 
lanty which exists, as far as evidence of disturbance in carbohydrate me- 
tabohsra is concerned between diphtheritic intoxication and other condi- 
tions in which liver injury is the principal pathological finding, namely, 
phosphorus, chloroform and hydrazine poisoning and yellow fever In 
these conditions there have been demonstrated hypoglycemia, diabetic-like 
sugar tolerance curves marked reduction in liver glycogen and increases 
in blood ammo-acid nitrogen (11) 

SUMMARY 

1 The liver glycogen of fasted rabbits injected intravenously with 
diphthena toxin is definitely diminished in comparison with that of controls 
subjected to similar penods of fasting Under these conditions no sig- 
nificant difference was noted m the concentration of glycogen m heart and 
muscle of diphthentic and control rabbits 

2 A marked diminution in hepatic glycogenesis following the intra- 
venous injection of glucose was noted in diphtheritic rabbits The injec- 
tion of insulin along with the glucose did not alter hepatic glycogenesis 

3 The concentrations of heart glycogen of normal and diphtheritic 
rabbits following the injection of glucose with and without insulin, showed 
no significant differences 

4^ It IS pointed out that the destruction of liver parenchyma demon 
strated anatomically in diphthentic intoxication is accompanied by a fail- 
ure of hepatic glycogenesis which is responsible for some of the disturb 
ances in carbohydrate metabolism described m this condition 
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number of determinations such a difference cannot be regarded as more 
than suggestive 

An occasional reference to muscle glycogen determinations in experi- 
mental diphthentvc intoxication is found m the literature Schwentker and 
Noel found the muscles of three animals completely devoid of glycogen and 
in a fourth, 0 16 per cent Rosenthal (3) m three rabbits found tlic 
muscle glycogen to be 0 165, 0245 and 0 305 per cent respectively We 
have found in six animals the glycogen concentration to vaiy from 0 23 to 
0 43 per cent, but we have also found that in six normal animals under a 
similar starvation regime the muscle glycogen was approximately of simi- 
lar magnitude, varying from 0 26 to 0 42 per cent In other words, as in 
the case of cardiac glycogen, no essential difference could be demonstrated 
between the muscle glycogen of normal and diphtheritic animals 

An entirely different picture is presented when one examines the values 
for the glycogen concentration of the livers m the diphtheritic animals 
In this case there is a definite decrease in the intoxicated rabbits, the glyco- 
gen content varying from 0 12 to 0 63 per cent, and averaging about 0 35 
per cent, while in the normal but fasted rabbits the concentration in the liver 
varies from 0 4 to 2 0, averaging about 1 0 per cent Whether the, liver 
shares to a greater extent in the general systemic intoxication than does 
either the heart or muscle, as these data would seem to imply, is not abso- 
lutely clear Histologically the liver exhibits more injury than the cardiac 
or skeletal muscle However, it is probable that a large part of the liver 
glycogen serves primarily as storage material, and that it is the diminution 
in this fraction which accounts for the marked difference in the glycogen 
concentration encountered On the other hand in the heart and to a lesser 
extent in muscle, most of the glycogen content is intimately related to the 
immediate metabolic needs of the tissues m question, and is, therefore, less 
likely to be involved in an injury of relatively similar degree than is the 
glycogen of the liver 

The data obtained m the study of hepatic glycogenesis show a marked 
disturbance in the ability of the diphtheritic liver either to store or to form 
glycogen or both Furthermore, the injection of insulin does not correct 
this deficiency Numerous investigators have demonstrated a marked de 
crease in carbohydrate tolerance as evidenced by diabetic-hke sugar tol 
erance curves Moreover, Lawrence and Buckley (4), Netzley (5) anc 
Sweeney (6) in animals, and Elkeles and Heimann (7) and Schwentkei 
and Noel 12) in human cases of diphtheria, have found a decided impair- 
ment in the normal depressing action of insulin on the sugar tolerance 
cun'’es As was previously pointed out, this has been interpreted bj' some 
to signify insulin dysfunction or actual insufficiency It is apparent that 
an inability of the liver to remove glucose for storage as glycogen would 
adequately explain a delayed or elevated sugar tolerance curve and apparent 
refractoriness to insulin Obviously, such a failure of hepatic glycogenesis 
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Previous investigators have demonstrated disturbances of carbohydrate 
metabolism during both clinical and experimental diphtheritic intoxication 
These disturbances are made manifest by delayed sugar tolerance curves, 
high blood sugar values, and, occasionally, glycosuria These observations 
have led to the assumption on the part of many that, during the course of 
diphtheria, there exists a relative insulin deficiency or dysfunction, a de- 
tailed review of this phase of the literature is given in Paper I of this 
series (1) In the two preceding papers of this series (1, 7) we have dem 
onstrated by histological and chemical studies, a widespread destruction of 
liver parenchyma with derangement of liver function following the intra- 
venous injection of diphtheria toxin m rabbits Physiologically, this mani- 
fested Itself by varying degrees of disturbance in hepatic glyconeogenesis 
and hepatic glycogenesis The belief was expressed that the above men- 
tioned disturbances in carbohydrate metabolism could be related to the 
hepatic injury In the following communication are reported the results 
of a study of the respiratory quotients in rabbits, aimed to determine what 
effect, if any, diphtheritic intoxication has upon their ability to bum carbo- 
hydrates 

METHOD 

The apparatus used for the determination of respiratory quotients was de 
scribed by Marine (2) in 1922 and is based on the Haldane open-circuit system 
It was adequately tested before the experiments were begun for proper absorp 
tion of carbon dioxide and water and lor air tight connections 

Rabbits in good condition, and weighing from 900 to 1400 grams were em 
ployed for the investigation Both control and diphtheritic animals were de- 
prived of food 24 hours before the onset of the experiment Starvation was 
maintained throughout the balance of the experiment only water being offered 
The diphtheria toxin used was of a strength such that 0 016 cc was equivalent 
to 1 minimal lethal dose of toxin Three quarters to 1 minimal lethal dose was 
injected intravenously It was previously found that this dose would bring 
about the death of the fasted animals in from three to seven days The animals 


^ This work w as aided by a grant from The Corn Products Refining Com 
pany 


787 



786 


EXPERIMENTAL DIPHTHERITIC INTOXICATION 


II 


Ibid , 1930, xlvi, 359 The Circulatory Failure of Diphtheria III The 
Treatment of the Circulatory Failure of Diphtheria 

3 Rosenthal, F , Arch f exper Path u Pharmakol , 1914, K\v, 99 'Ober 

die Storungen des Kohlenhydratstoff\vechsels bei der expenmentellen 
Diphthenevergiftung 

4 Lawrence, R D , and Buckley, O B , Bnt J Exper Path , 1927, vm, 58 

The Inhibition of Insulin Action by Toxemias and its Explanation I 
The Effect of Diphtheria Toxin on Blood Sugar and Insulin Action in 
Rabbits 

5 Netzley, R E , Am J Dis Child , 1929, xxxvn, 511 The Effect of Diph- 

theria Toxin on the Action of Insulin , a Study of the Effect of Infec- 
tions on Carbohydrate Metabolism in Diabetes Melhtus 

6 Sweeney, J S , Arch Int Med , 1928, xh, 420 Effect of Toxemia on 

Tolerance for Dextrose and on the Action of Insulin 

7 Elkeles, A , and Heimann, F , Deutsches Arch f khn Med , 1927, civ, 263 

Dber Storungen im Kohlenhydratstoffwechsel bei diphtheric 
Ibid , 1928, clviii, 238 Weitere Untersuchungen uber Storungen im Kohlen- 
hydratstoffwechsel bei Diphtheric 

8 Babes, V , Virchons Arch f path Anat, 1890, cix, 460 Untersuchungen 

uber den Diphthenebacillus und die experimentelle Diphtheric 

9 Welch, W H , and Flexner, S , Bull Johns Hopkins Hosp , 1891, ii, 107 

The Histological Changes in Experimental Diphtheria 

10 Fahr, T , Virchows Arch f path Anat , 1916, ccxxi, 38 Beitrage zur 

D iphthene-F rage 

11 A Bodansky, M , J Biol Chem , 1923, Iviii, Sl5 The Effect of Chloro- 

form and Phosphorous Poisoning on Carbohydrate Tolerance 
B Ibid , Am J Physiol , 1923, Ixvi, 375 The Production of Hypoglyce- 
mia in Experimental Derangements of the Liver 
C Hendrix, B M , and McAmis, A J , J Biol Chem , 1924, Ixi, 45 Al- 
kalosis Produced by Injections of Hydrazine Sulfate in Dogs 
D Lewis, H B , and Izume, S , J Biol Chem , 1926, Ixxi, 33 The Influ- 
ence of Hydrazine and its Derivatives on Metabolism II Changes in 
the Non-protein Nitrogenous Constituents of the Blood and in the Me- 
tabolism of Injected Glycine in Hydrazine Intoxication 
E Ibid , 1926, Ixxi, 51 III The Mechanism of Hydrazine Hypoglycemia 
F Williamson, C S, and Mann, F C, Am J Physiol, 1923, Ixv, 267 
Studies on the Physiology of the Liver V The Hepatic Factor in 
Chloroform and Phosphorous Poisoning 
G Underhill, F P, and Hogan, A G, J Biol Chem, 1914, xx, 203 
Studies m Carbohydrate Metabolism VIII The Influence of Hydra- 
zine on the Utilization of Dextrose 

H Wakeman, A M, and Morrell, C A, Arch Int Med, 1931, xlvii,»104 
Chemistry and Metabolism in Experimental Yellow Fever in Macacus 
Rhesus Monkeys III Blood Sugar and Lner Glycogen 
I Ibid , 1931, xlviii, 301 Chemistry and Metabolism in Experimental 
Yellow Fever in Macacus Rhesus Monkeys IV Tolerance Tests for 


12 


Dextrose 

J Ibid , 1932, xlix, 826 Chemistr) and Metabolism in Experimental Yel- 
low Fever m Macacus Rhesus ^lonkeys V Acid-base and Electrolyte 
Equilibrium 

Yannet, H, and Darrow, D C, J Clm Invest, 1933, xii, 76/ Phjsio- 
logical Disturbances during Experimental Diphtheritic Intoxication I 
Blood Sugar, Lactic Acid and Nonprotein and Amino-acid Nitrogen 



HERMAN YANNET AND WALTER GOLDFARB 


789 


TABLE IJ 

Average resptralory quotients obtained in normal and diphthentic rabbits ajier different 
periods of fasting 


Hours of 
starvation 

Diphtheritic | 

Normal 

Average respira 
tory quotient 

Number of 
observations 

Average respira 
tory quotient | 

Number of 
observations 

24 

81 

4 

84 

3 

48 

80 

4 

82 

4 

72 

78 

3 

76 

4 

96 

80 

2 

76 

5 

120-1- 

78 

2 1 

1 

73 

1 

1 


to make the values express surface area in the ordinary units The omis- 
sion of this procedure still allows comparison of the various animals in 
terms analogous to those which would be obtained with a more exact for- 
mula for surface area 

The respiratory quotients determined during the course of the intoxica- 
tion do not suggest any gross interference with the burning of carbo 
hydrates It can be seen that after the development of a fasting status 
the respiratory quotients tend to remain with only slight exceptions at a 
fairly constant level, which averages between 78 and 80, a level well 
above that to be expected had there been any severe degree of insulin dys 
function 

In Table II the respiratory quotients obtained on the diphtheritic ani- 
mals after similar periods of fasting have been averaged and compared 
with those obtained on the normal controls The lack of any sinking dif- 
ference between the tivo sets of values is apparent 

It might be mentioned m passing, that no great change was noted in 
the total metabolic rate as the intoxication progressed In other words 
diphtheria toxin when injected into rabbits does not exhibit any calorigenic 
activity 

DISCUSSION 

Essentially the same approach for the investigation of the disturbance 
m carbohydrate metabolism during diphtheria has been utilized previouslj 
by Josephs (3), Hector (4) and Arlomgand Laulanie (S) 

Josephs determined the respiratory quotients m dogs by collection of 
the expired air oaer periods of from three to five minutes, followed by 
analysis of a sample m a Haldane gas apparatus The results of four 
experiments were described From the data presented it is evident that 
there was no difficulty in the oxidation of carbohydrates the nonprotem 
respiratory quotients remaining about 080 throughout the course of the 
investigation The dogs were subjected to only a mild degree of intoxica- 
tion as evidenced by the relatuely low blood nonprotem nitrogen levels and 
the prolonged periods of survival 
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Arloing and Laulanie in 1S9S studied the respirator^' exchange by 
means of closed calorimetry in rabbits following the injection of large 
doses of toxin subcutaneously (death occurred in from 6 to 36 hours) 
Because of the overwhelming nature of the intoxication it is difficult to 
interpret the results Furthermore there was no suitable dietary control 
previous to the experiment Respiratory quotients ranging from 0 90 to 
0 70 were obtained A tendency for a slight nse to occur during the first 
SIX to eight hours following the injection of toxin was noted 

Hector in 1926 studied the respiratory quotients in six cases of diph- 
theria of varying degrees of seventy, using a Fndericia apparatus He 
determined the respiratory quotient at frequent intervals following the 
administration of glucose by mouth From his results he concluded that 
there was no evidence of any inability to oxidize carbohydrates during the 
course of diphtheria 

J A Johnston (6) has recently acquainted us with data similar to 
Hector’s, on a diphtheria patient with severe myocardial involvement The 
observations, made on the 22d day of the disease, showed that the respira- 
tory quotients following the intravenous administration of 20 grams of 
glucose rose from the pre-mjection level of 0 84 to 090 at one hour and 
fell to 0 85 and 0 77 at the second and third hours respectively Com- 
paring this with similar studies on normal children, Johnston interprets 
these results to signify an adequate response to the injected glucose These 
obsen'ations were made too late in the disease to be strictly comparable to 
our experimental results Similar studies, both early and late in the dis- 
ease, would be valuable, especially if accompanied by observations of the 
blood nonprotem nitrogen, which seems to be the best objective measure of 
the seventy of the intoxication 

In Paper IV of this senes (8), the results of the investigation of the 
serum electrolytes during diphtheritic intoxication in rabbits will be pre- 
sented These studies demonstrate the frequent occurrence of a decrease 
m serum bicarbonate, chloride and sodium It is apparent that the de- 
velopment of acidosis while m the respiratory chamber would increase the 
respiratory quotient However, it is not likely that any marked change 
occurred dunng the relatively short penod of observation Furthermore, 
it IS unlikely that low respiratory quotients were so masked by developing 
aadosis as to bring about the substantial agreement m the respiratory quo- 
tients found m our experiments 

The cnticism whidh may be made of the work reviewed above, as well 
as of our experiments, is that by this type of investigation one can ade- 
quately demonstrate only severe grades of interference with carbohydrate 
oxidation The failure to find any evidence of this disability would, there- 
fore, not preclude minor degrees of insulin insufficiency or dysfunction 
We liehev e this to be a just cntiasm and have duly considered it m framing 
our conclusions 
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SUIISIARY AND CONCLUSION 

1 Study of the respiratory quotients of rabbits during the course of 
diphtheritic intoxication produced by the intravenous injection of diph- 
theria toxin reveals no evidence of any gross disturbance in the oxidation 
of carbohydrates 

2 It was not possible to demonstrate any significant changes in the 
total metabolic rate dunng the course of the intoxication 

BIBLIOGRAPHY 

1 Yannet, H, and Harrow, D C, J Clin Invest, 1933, xii, 767 Physio 

logical Disturbances during Experimental Diphtheritic Intoxication I 
Blood Sugar, Lactic Acid and Nonprotein and Araino-acid Nitrogen 

2 Marine, D M , J Metab Research, 1922, ii 29 A Modified Haldane Open 

Circuit Apparatus for Measuring the Respiratory Exchange in New 
Bom Babies and also in Rabbits and Cats 

3 Josephs, H W , Bull Johns Hopkins Hosp 1927, xli, 400 The Metabolism 

Following Injection of Diphtheria Toxin in Dogs 

4 Hector, F J Lancet, 1926, ii, 642 Carbohydrate Metabolism in Diph- 

theria 

5 Arloing, S , and Laulanie F Arch de physiol norm et path , 1895, vii, 675 

Introduction a la etude des troubles de le temperature des combustions 
respiratoires et de la thermogenese sous I’lnfluence des toxines bact6ri 
ennes 

6 Johnston, J A , Personal communication 

7 \annet H, and Harrow, D C, J Clin Invest, 1933, xii, 779 Physio- 

logical Disturbances during Experimental Diphtheritic Intoxication II 
Hepatic Glycogenesis and Glycogen Concentration of Cardiac and Skele- 
tal Muscle 

8 Darrow, D C Yannet, H and Cary, M Katharine (To be published) 

Physiological Disturbances during Experimental Diphtheritic Intoxica 
tion IV Blood Electrolytes and Hemoglobin Concentrations 




STUDIES OF TOTAL PULMONARY CAPACITY AND ITS SUB- 
DIVISIONS I NORMAL ABSOLUTE AND RELATIVE 
VALUES 

By ALBERTO HURTADO i and CHARLES BOLLER 

(From the Department of Medicine of the School of Medicine and Dentistry of the 
University of Rochester and the Medical Clinic of the Strong Memorial 
Hospital Rochester Nctv York) 

(Received lor publication April 7, 1933) 

In the investigation of the symptom, dyspnea by physiological methods 
studies of the pulmonary mechanisms have lagged behind those of other 
mechanisms involved In most clinics the measurement of the vital ca- 
pacity is frequently made, but rarely in conjunction ivith measurements of 
total pulmonary air and its subdivisions No complete understanding of 
the problem can be attained without a complete study of the functions of 
the lungs in addition to those of the blood and the circulatory organs The 
studies to be reported here were commenced as a preliminary to an investi- 
gation of the functional disability caused by various types of fibrosis of 
the lungs, particularly the pneumonoconioses At the outset it was dis- 
covered that data regarding lung capacity were available in only a small 
number of normal individuals, so small that no standards of normality could 
be established for comparison with measurements to be made in pathologi- 
cal conditions 

We mil not attempt to make a historical review of the methods used in 
the determination of the lung volume and its subdivisions A complete 
presentation of the subject, from this point of view, has been published 
very recently by Chnstie (4) We may mention that probably three fac- 
tors have largely been responsible for hesitancy in accepting this procedure 
as a useful tool in clinical medicine unreliability of the methods used , 
difficultv of using complicated methods in dealing with very sick patients, 
and finally lack of normal standards for comparative purposes The first 
two drawbacks have been solved by the methods described by Van Slyke 
and Binger (12) and lately by Christie (4) The present study was 
undertaken m an attempt to furnish some information regarding the nor- 
mal s'alues of the pulmonary air and its subdivisions, to appreciate the 
character of its %ariations to establish a method which will permit the 
prediction of normal values in a given case and finallv to apply the infor- 
mation gained from the normal observations to the study of cases of 
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chrome pulmonary patholog}' In this and subsequent papers w c will pre- 
sent our results, together with a consideration of the related literature 

NOMENCLATURE 

A serious drawback to the proper comparison of different senes of 
observations has been the use of different terms, and even different mean- 
ings for the same term It is therefore essential to adopt a single nomen- 
clature in order to have a clear understanding of the subject We have 
adopted for our studies the classification proposed by Christie (4) with 
the exception of the replacement of the term “ functional residual air ” by 
mid capacity The classification may be briefly summarized as follows 

Residual an is the amount of air remaining in the lungs after fullest 
possible expiration 

Mid capacity is the amount of air remaining in the lungs after a normal 
expiration The term “ functional residual air ” introduced by Lundsgaard 
and Schierbeck (6), and used by Binger and Brow (3), is synonymous 
with this term It appears to be more convenient, however, to use the term 
mid capacity as being more descriptive and more commonly used The 
term “ functional residual air ” may be easily confused with residual air, 
or it may suggest that it is a subdivision of the latter Mid capacity repre- 
sents the sum of the residual and reserve airs 

Vital capacity is the amount of air expired in the fullest possible expira- 
tion following the deepest possible inspiration Vital capacity is the sum 
of the complementary and resen'e volumes 

Total capacity of the lungs is the sum of the residual air and the vital 
capaaty 

Complementary an is the volume of air inspired from the position of 
mid capacity to that of the maximum possible inflation It includes the 
tidal air 

Reserve air is the amount of air expired from the mid capacity position 
to the maximum possible deflation 

The character of this classification may be appreciated more readily in 
the diagram of Figure 1 Other classifications differ mainly m the defi- 
nition of the mid capacity Panum (9), in 1868, regarded this as the vol- 
ume of air in the lungs at a point mid-way between normal expiration and 
inspiration Most investigators have adopted his definition It seems bet- 
ter, hoivever, to define mid capacity as proposed by Siebeck (11), who took 
into consideration the commonly accepted finding that the most constant 
level in any graphic respiratory tracing is found at the end of a normal 
expiration (Qinstie calls this level the “ resting respiratory level ”) 
The lerel at which the mid capacity is placed in the different classifications 
changes the values given to the complementary and reserve volumes It 
will be noted that m the nomenclature adopted for this study the comple- 
mentary air is the volume of air from the level of normal expiration up to 
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the linuts of complete inspiration (consequently it includes the Udal air 
which IS the amount of air moving m and out during quiet breathing) 
The reserve air is the volume of air between the level of normal expiration 
and the limits of complete expiration 



Fig 1 Mean Absolute and Relative Values of Puleionary Air 
IN SO Normal Males 


METHODS 

We have used Christies method (4) of oxygen dilution without forced 
breathing The details of this method have been fully described in this au 
thor’s original description, so we will omit a detailed account The spirometer 
employed was of the type described by Van Slyhe and Binger (12) of nine 
liters capacity, provided with a solid core to decrease the dead space with a 
graduated millimeter scale and a recording pen (each millimeter on tlie scale 
being equivalent to a volume of 20 cc ) A five way valve permitted easy and 
quick communication of the patient with the desired connection The dead 
space of the spirometer, including rubber tubing soda hme container etc was 
calculated according to the instructions given by Christie, and found to be 2600 
cc Care was taken to keep the same level of water in tile spirometer by 
means of a small syphon mounted on a graduated scale The oxvgen used 
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was analyzed to discover inert gases acting as impurities Fue liters were 
admitted to the spirometer for each determination The respiratory tracings 
were recorded on paper with millimeter rulings, mounted on a kymograph 
drum From the tracings (the patient being under basal conditions) tlie basal 
metabolic rate may be calculated, if desired All our results have been cor- 
rected to the volume corresponding to a temperature of 37® C , and complete 
saturation with water vapor The mam defect of this method, as pointed out 
by Christie, is tlie difficulty in making an accurate measurement of the oxygen 
consumption Although in most cases a satisfactory base line is secured, there 
are cases in which breathing is somewhat irregular, and in consequence only 
an approximate determination of the oxygen consumption may be obtained 
The error under these conditions may be considerable In such cases we have 
used the following procedure for the determination of the residual air A sec- 
ond spirometer containing about three or four liters of atmospheric air, and 
provided with a recording pen, is connected by means of a wide and short rub- 
ber tube to one of the outlets of the five way valve The kymograph is placed 
so that a graphic tracing may be obtained from the excursions of this spirome- 
ter The subject breathes through the five-way valve to the outside air for 
one or two minutes Then he is rapidly connected with tins spirometer 
After three or four breaths, at the beginning of a normal expiration, he is 
suddenly asked to continue to expire as completely as possible to the level of 
the maximum deflation, and to hold his breath at this level for just the time 
(about a second) necessary to turn the valve connection to tlie regular mixing 
spirometer containing the measured amount of oxygen Quiet breathing is 
continued for seven or eight minutes and respirations are recorded on the kymo- 
graph to which the recording pen of this spirometer is adjusted as soon as 
possible after the connection is made At the end of this period the subject is 
again suddenly asked to continue as full an expiration as possible and to hold 
the breath at this level while the connection to the spirometer is quickly dosed 
off The oxygen consumption is calculated directly from the graduated scale 
of the spirometer (from the difference between the level after the known 
amount of oxygen was added and the level at the end of the determination) 
The respiratory tracing serves chiefly to detect any possible leakage or gross 
irregularity It also gives a graphic record of the reserve air when the subject 
was asked to expire to the residual level at the beginning and end of the deter- 
mination The degree of the subject’s cooperation can thus be readily deter- 
mined by comparing tliese tracings, and proper corrections may be introduced, 
obviating, at least in part, the mam error in the direct determination of the 
residual air A third determination of the reserve air a few minutes later was 
sometimes used as a further check A preliminary explanation usually suffices 
to obtain the desired cooperation The rest of the calculation is made exactly 
as described by Christie, but of course the result obtained represents the re- 
sidual air This added to the reserve air will give the mid capacity 

Our gas analyses have been made in the Van Slyke manometric apparatus 
(10) This procedure is less time consuming than the use of the Haldane gis 
analysis apparatus It has been found to give close agreement m duplicate 
analyses All the determinations have been made with subjects in the recum- 
bent position in bed, with tivo fiat pillows for a head rest In each case tivo 
determinations were made one of mid capacity, following strictly Christies 
method, and the other by the alternate method of determining the residual air 
according to the procedure lust described In most cases, ivhen the base line 
for measurement of the oxygen consumption was satisfactory, a close agree- 
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ment was found between the volume ot the residual air obtained directly and 
the one calculated by subtracting the reserve volume from that of tlie mid capac- 
ity The vital capacity, reserve and complementary airs were determined im 
mediately afterward in the same spirometer without change m the subjects 
position After connection was again established with the spirometer, the 
subject was asked to breathe normally for one or two minutes and then while 
watching the graphic registration of his breathing he was asked to continue an 
expiration down to tlie maximum point of deflation to measure the reserve air 
After quiet breathing was again resumed for a short time he was asked to 
continue an inspiration up to the maximum level of inflation thus measuring the 
complementary air Finally after a short interval, we obtained a graphic trac- 
ing of the fullest possible inspiration followed by the maximum possible expira- 
tion (vital capacity) In normal people this vital capacity ought to be equal 
to the sum of the reserve and complementary volumes determined separately 
Not infrequently small differences are found, possibly due to lack of cooperation 

MATERIAL 

Determination of the total pulmonary air and its subdivisions has been 
made in SO normal males, varying in age from 18 to 30 years and with a 
mean age of 23 years The physical characteristics of these subjects are 
summarized in Table I, from which it can readily be appreciated that no 


TABLE 1 

Physical characteristics of the subjects examined 



i 

Mem 

Standard > 

dcviatioa 

Coef 

ficiCQt 

Of 

varla : 
tlon 

VarlatioDS 

Age years 

22 9 ±0 31* 

3 3 ±0 22* 

per 

cent 

14 4 

18-30 

Body height cm 

176 2 ±0 49 

5 1 ±0 35 

29 

157 6 -186 5 

Body weight, kgm 

72 5 ±107 

11 2 ±0 76 

15 5 

52 8 -104 0 

Body surface area cm * 

187 8 ±1 19 

12 5 ±0 84 

66 

1 52- 2 19 

Chest circumference cm 

85 4 ±0 60 

6 3 ±0 43 

73 

74-110 

Chest volume liters 

10 00±0 19 

2 03±0 14 

20 3 

700- 18 33 

Chest index too 

68 5 ±0 55 

5 8 ±0 39 

84 

58 3 - 84 4 

Chest index X 100 

70 8 ±0 71 

7 3 ±0 49 

10 3 

50-84 

Costal angle ^ 

71 8 ±1 18 

12 4 ±0 84 

172 

1 

50-104 


* Probable error 


selective criteria were used in regard to the bodily appearance The chest 
size, as judged from external measurements, also vanes within wide limits 
as well as its shape (as indicated by the variations in the indices of 
Depth/Width and Height/Width and in the costal angle) This group 
of normal males although not very large in number, is accordingly repre- 
sentative and may be considered as a fair sample ot this age penod The 
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subjects were students of the School of Medicine and the College for IMcn 
of the University of Rochester In all cases a brief history of previous 
diseases and athletic activities was recorded, and the chest examined clini- 
cally and radiologically The \ast majonty of the subjects were in non- 
fasting condition at the time of the determination, but all of them had a 
preliminary resting period of at least twenty minutes The total number 
of observations was fifty-two We have excluded from this report only 
two cases in one the value for residual air was found to be a negative 
quantity for some unlcnown reason, and in the other case satisfactorj' co- 
operation could not be obtained 


TABLE 2 

Values of pulmonary capacity from the lUerature * 
Absolute ralues 


Pulmonary capacity 

Mean 

Standard 

deviation 

Coefficient of 
t'arlation 

Vanatlons 


Uters 

tilers 

per cent 

liters 

Total capacity I 

5 98 

1 12 

18 7 

3 2S-8 22 

Vital capacity ' 

4 46 

0 87 

19 5 

2 31-5 95 

Complementary air ‘ 

2 60 

0 63 

24 2 

1 61-3 95 

Resen'e air 

198 

OSl 

25 7 

0 70-2 92 

Mid capacity t 

3 70 

0 66 

17 8 

2 23-5 OS 

Residual air 

1 50 

0 33 

i 

22 0 

0 87-2 48 


Relative values (Total capacity = 100 per cent) 


Vital capacity 

Complementary air 

Reserve air 

Mid capacity | 

Residual air 

1 

per cent 

751 i 
40 6 i 
30 0 

60 7 1 
25 3 ! 

per cent 

42 

49 

62 

40 i 

43 

per cent 

56 

12 0 

20 6 

66 

17 0 

per cent 
60-84 
26-48 

15- 40 
52-69 

16- 40 

Relative values (Vital capacity = 100 per cent) 

Complementary air 

Reserve air 

Mid capacity 

Residual air 

j per cent 

56 7 

44 0 

81 2 
, 34 2 

1 

[ per cent 

\ 59 

59 

87 

11 0 

1 per cent 

10 4 

1 13 4 

' 10 7 

32 1 

1 

per cent 
44-69 
31-56 
63-97 
19-66 


* Summary of 46 determinations made on male subjects collected from 
Lundsgaard and Van Slyl^e (7) , Lundsgaard and Schierbeck (6), Bmger (2) 

and Anthony (1) , , 

•{•Volume of air in the lungs mid-way betiveen a normal expiration and in- 
spiration 

Normal values given in the literature 

Records of normal values for the total capacity and its subdivisions are 
few, and it is difficult to evaluate them since the obsen'ations were made 
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with different techniques and under varying conditions Information 
about the age and physical characteristics of the people examined was 
usually meager Frequently values obtained in males and females have 
been combined so that it is difficult to separate the results according to 
sex We have summarized in Table 2 all the determinations made on 
normal wales since Lundsgaard and Van Slyke (7) reported 11 observa 
tions in 1918 No attempt has been made to include earlier data, since the 
methods used are open to question We have included 1 1 cases of Lunds- 
gaard and Van Slyke 19 cases of Lundsgaard and Schierbeck (6) the 
largest series in the literature 7 cases reported by Bmger (2) and finally 
9 cases from Anthony s report (1), making a total of 46 cases The de 
terminations have been made either standing or sitting up, and the classi- 
fication used by the authors quoted places the mid capacity halfway between 
normal expiration and inspiration In 11 cases, of the 19 reported by 
Lundsgaard and Schierbeck, we have found that the reported value of mid 
capacity is equal to the sum of the residual air and half the \ital capacity, 
evidence that different criteria have been used in the calculation of that 
subdivision From the senes of Anthony we have included only the values 
reported for residual air Table 2 has been arranged to present the sum- 
mary of these data m absolute values for the different components of the 
total capacity, as well as their proportional relationship to the total volume 
and vital capaaty Comparison of results obtained from the literature 
with our findings is made elsewhere in this paper 

RESULTS 

In Table 3 are summarized the determinations of the total pulmonary 
air and its subdivisions, indicating the mean values the deviations from the 
mean and the extreme variations The observed values are given, and 
relative values are expressed as percentages of the total volume and vital 
capacity 

Absolute values observed The mean value of the total capacity m this 
series is 6 13 ± 0 08 liters, a figure very close to that of 5 98 liters, whicli 
IS the corresponding mean of all the observations collected from the litera- 
ture There are wide variations from this mean The standard deviation 
IS 0 82 liter, with a coefficient of vanation of 13 3 per cent, indicating that 
in our series there is a total range of variability of about 27 per cent from 
the mean value Similar, and even higher, variability becomes evident 
from the study of the reported observations m the literature 

When we come to the vital capacity we also find, as others have found, 
a wide vanation in the absolute values With a mean value of 4 78 ± 0 06 
liters it varies between 3 40 and S 85 liters, with a total variation of about 
25 per cent from the mean The fact that all our subjects were young 
males possibly explains the higher mean value we obtained as compared 
with the one calculated from the observations of other investigators 
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TABLE 3 


Determinations of pulmonary capacity in 50 healthy males 
Absolute values 


Pulmonary capaaty 

Mean 

Standard 
der lation 

CoelTiacnt 

of 

vanation 

Variations 


tilers 

tilers 

ter cent 

liters 

Total capacity 

6 13 ±0 08* 

0 82±0 06 

13 3 

4 42-7 86 

Vital capacity 

4 78±0 06 i 

0S9±0 04 

12 3 

3 40-5 85 

Complementary air 

3 79 ±0 05 

0 52±0 04 

13 7 

2 41-4 93 

Reserve air 

0 98±0 02 

0 26±0 02 

26 5 

0 26-1 58 

Mid capacity 

2 34±0 05 

0 49±0 03 

20 9 

1 09-3 38 

Residual air 

1 36db0 04 

1 

0 38±0 03 

1 

27 9 

0 81-2 16 


Relative values (Total capacity = 100 per cent) 



per cent j 

per cent 

per cent 

per cent 

Vital capaaty 

78 0±0 41 

4 3±0 29 

5 5 

68 4-85 5 

Complementary air 

61 9±0 51 

5 3±0 36 

85 

51 7-78 9 

Reserve air 

16 2 ±0 39 

4 1±0 28 

25 3 

5 0-30 3 

Mid capacity 

37 9±0 75 

7 9±0 53 

20 6 

21 0-50 3 

Residual air 

22 0±0 41 

4 3±0 29 

19 5 

14 5-31 6 


Relative values (Vital capacity = 100 per cent) 



1 

per cent 

per cent 

1 

per cent 

per cent 

Complementary air 

79 4±0 50 

5 2±0 35 

65 

63 1-94 1 

Reserve air 

20 6 ±0 52 

5 4±0 36 

26 2 

5 9-36 9 

Mid capacity 

49 1 ±0 85 

8 9±0 60 

18 1 

25 0-70 4 

Residual air 

28 2±0 70 

7 3±0 49 

25 8 

16 9-46 0 


* Probable error 


The mid capacity also shows wide fluctuations It varies between 1 09 
and 3 38 liters, with a mean value of 2 34 i 0 05 liters It shows a total 
variation of about 42 per cent from the mean Our results cannot be com- 
pared with those reported by other investigators on account of the differ- 
ence in classification used Binger and Brow (3) in nine determinations 
of the mid capacity (called “functional residual air” in their report), 
which was measured in a manner analogous to ours, obtained, however, an 
average value of 2 43 liters in very close agreement with the mean value 
of this series 

The volume of residual air varies markedly Its lowest and highest 
values in our series are 081 and 2 16 liters and the mean value is 1 36 
± 0 04 liter, a figure slightly lower than 1 50 liter which is the mean 

value of the cases previously reported 

The complementary and reserve volumes show marked deviations from 
the corresponding mean values, especially the latter The diagram of 
Figure 1 illustrates graphically the mean values obtained for the total 
capacity and its subdivisions 
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Rclatrc values It has been customary to express the values of the 
lung volume subdivisions as percentages of the total capacity 'This is the 
more valuable method of expressing the results, as one may readily see 
from an inspection of the diagram of Figure 2 The vital capacity mid 



Fic 2 Vital Capacitt Mid Capacity and Residual Air Expressed in 
Percentage of the Total Capacity 
The dots indicate 50 individual observations grouped about the mean ralues 

capacity and residual air constitute more or less constant fractions of the 
total capacity in normal people, giving a sound basis for comparison with 
the possible variations of these ratios in pathological subjects In the case 
of the vital capacity we find that it has a mean value representing 78 0 
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dr 0 41 per cent of the total "v olume The standard deviation is only 4 3 
per cent, so all variations actually come within 12 per cent of that mean 
value It appears to indicate a rather constant relationship of vital capacitj 
to residual air m constituting the total lung capacity It is significant to 
find that the same ratio (Vital capacity/Total capacity) X 100 calculated 
from the cases reported in the literature has a mean value of 75 1 per cent, 
with a standard deviation of 4 2 per cent, that is a similar range of variabil- 
ity as found in our series There is only one case (from the senes of 
Lundsgaard and Van Slyke) m which this ratio was lower than 69 per cent 
The residual air, expressed m percentage of the total capacit}', varied in 
our series from 14 to 31 per cent, with a mean value of 22 0 ± 041 per 
cent In 96 per cent of the cases it formed from 15 to 30 per cent of the 
total volume The data in Table 4 show that the residual air vanes more 


TABLE 4 

Comparison o/ residual air, vital capacity and total capacity 


Ratio 

Residual air 

Total capacity 

Residual air 

1 

Vital capacity 

i 

Total capacity 

per cent 

hters 

titers 

tilers 

14-16 

0 90 

4 80 

5 71 

17 

1 13 

4 79 

5 91 

20 

128 

4 74 

6 02 

23 

1 53 

4 92 

6 45 

26 

, 1 68 

4 68 

6 36 

29 

1 96 

4 26 

6 22 


Correlation coefficients 


^ Residual air . , , 

Ratio ;r — ; and residual air 

Total capacity 

+0 S740±0 0229* 

Idem and vital capacity 

-}-0 0l64±0 0971 

Idem and total capacity ^ 

4-0 3898 ±0 0823 


* Probable error 


than the vital capacity From the cases reported in the literature we ob- 
tained a mean value of 25 3 per cent in the ratio (Residual air/Total capac- 
ity) X 100, and in the recent senes of Anthony ( 1 ) the average of eight 
determinations (also made in the recumbent position) was 23 2 per cent 
The ratio (Mid capacity /Total capacity) X 100 has a mean value of 
37 9 db 0 75 per cent and a standard deviation of 7 9 per cent In 96 per 
cent of the cases a ratio was between 30 and 50 per cent The comple- 
mentary and reserve airs, expressed as percentage of the total volume, show 
moderate vanations m the case of the former, and very wide fluctuations m 
the percentage of the latter The close correlation of the total capacity 
■with the Mtal capacity, mid capacity and residual air may also be appreci- 
ated from the high and significant correlation coeffiaents calculated in our 
senes and presented in Table 5 
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Correlaiton between the different sttbdtvtstons 


Capacities con lated 
Total capacity and vital capacity 
Total capacity and complementary air 
Total capacity and reserve air 
Total c^aaty and mid capacity 
Total capaaty and residual air 
Vital capacity and complementary air 
Vital capacity and reserve air 
Vital capacity and mid capaaty 
Vital capacity and residual air 
Complementary air and mid capaaty 
Complementary air and reserve air 
( omplementary air and residual air 
Iid capaaty and reserve air 
^ Mid capacity and residual air 
Residual air and reserve air 


Correlation coefficient 

+0 8950±0 0188 * 
+0 7889 ±0 0361 
+0 4171 ±0 0782 
+0 8020 ±0 0337 
+0 7721 ±0 0384 
+0 8836±0 0209 
+0 4347 ±0 0769 
+0 5748 ±0 0634 
+0 4571 ±0 0748 
+0 3296±0 0850 
+0 0195±0 0951 
+0 4731 ±0 0735 
+0 6191 ±0 0587 
+0 8202 ±0 0310 
+0 1491 ±0 0931 


* Probable error 


Few investigators have expressed the values of the subdivisions of the 
pulmonary air as a percentage of the vital capacity There appears to be 
no special advantage in doing so, and perhaps it will^ie more convenient and 
simpler to use the total capacity as a basis for percentage estimations, rather 
than the vital capacity 1 - interesting to notice the rather constant rela- 
tionship between complementary air and vital capacity, the former consti- 
tuting about 80 per cent of the latter 

OrjpcH consumption and its relationship with ventilatio^i per minute 
and vital capacity Efforts have been made by different investigators to 
correlate the oxygen consumption of the body with the ventilation in a 
given period of time in the hope of finding fixed ratios for normal people 
and possible deviations in pathological conditions Knippmg and Mon- 
cneff (5) have investigated the so called “ventilation equivalent for oxy- 
gen’ which may be calculated according to the formula (Minute volume 
respiration/Oj used per minute) X 100 They report observations in 54 
normal subjects (Slumales and 23 females) and obtained an average value 
of 2 44 liters for this ratio, with variations ranging between 1 68 and 3 70 
liters In 19 cases of heart disease the results vaned between 2 1 and 8 61 
liters Close examination of their findings does not indicate any value in 
such a ratio as a measure of respiratory efficiency In 15 of our subjects 
in whom the determination of total capaaty was done under basal condi- 
tions (rest and fasting) the calculation of that ratio gives an average of 
2 66 with variations between 1 47 and 4 04 The coefficient of variation is 
very high and the correlation coefficient between oxj gen consumption and 
ventilation per minute is not significant Anthony (I) has found m nor- 
mal subjects a close correlation between the vital capacity and the calones 
utilized per 24 hours In the 15 cases already mentioned we obtained a 
very high coefficient of variation in the ratio (Vital capaaty /O. consump 
39 
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In a previous paper (5) we have presented the results of SO determina- 
tions of pulmonary capacity made in an equal number of healthy males 
It was demonstrated that the relative capacities (expressed in percentages 
of the total \olume) fluctuated within narrow limits, but that there were 
wide variations in the absolute figures found for the total volume and its 
subdivisions This fact makes rather difficult the recognition of moderate 
and perhaps important, deviations in a given case and also prevents a clear 
understanding of any alterations in the relative values Thus a low ratio 
(Vital capacity/Total volume) X 100 may be caused by either increased 
residual air, low vital capacity, or a combination of both factors and the 
proper interpretation will be obtained only if normal values are available 
for comparison To standardize the procedure it appears to be necessary 
to find a correlation between the pulmonary capacity and certain bodily 
characteristics, so that from a knowledge of the latter it may be possible 
to predict the normal volumes If we have at our disposal reliable cnteria 
to permit judgment of changes in absolute as well as in relative pulmonary 
capacity a clearer view of the underlying pathological physiology may be 
obtained A basis may also be provided for the proper classification and 
grouping of cases of respiratory inefficiency in which defective alveolar 
ventilation is an important factor 

Although numerous investigations have been made to correlate the vital 
capacity to body or chest measurements there have been very few attempts 
to correlate these characteristics with the total pulmonary capacity or with 
any one of its subdivisions, other than vital capacity Lundsgaard and Van 
Slyke (7) in 1918 found m a few cases a definite correlation between the 
total capacity vital capacity mid capacity and residual air, and the so called 
“ chest volume,” calculated from the external measurement of the three 
diameters of the chest obtained at the end of full inspiration and expiration 
under resting conditions This investigation was later confirmed by Lunds 
gaard and Schierbeck (6) who found a similar relationship and also con- 
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eluded that the degree of chest expansion (as determined by external 
measurements) affects the prediction of the corresponding pulmonary ca- 
pacity But Binger and Brow (2) could not demonstrate such a correla- 
tion of pulmonary capacities, either with the external chest measurements, 
with the body height, or with the surface area, and suggested that the level 
of the diaphragm was the determining factor, since a long-chested type of 
individual with relaxed abdominal walls shows a greater total volume than 
the broad, deep-chested muscular type These investigators stated that 
the measurement of the area of the lung fields on radiographic films gives 
a fairly satisfactory means for predicting pulmonary capacity m normal 
individuals, although they did not prove so in the pneumonic patients whom 
they were then investigating No data were presented in their communica- 
tion to support this conclusion Binger (1), while studying cases of 
cardiac decompensation, predicted the normal pulmonary capacity by as- 
suming a vital capacity of 2 5 liters per square meter of body surface, and 
from this the other volumes were calculated on the basis of the rather fixed 
relative values of the mam subdivisions of the total volume 

We have made m our 50 cases a statistical study of the possible correla- 
tions of the pulmonary capacities with dimensions of the body and chest, 
and with radiological measurements It was also our aim m this study 
to gam helpful information concerning the comparative value of the 
methods for the determination of the degree of chest expansion, a factor 
seldom properly evalulated clinically but undoubtedly of importance in a 
consideration of respiratory mechanics To find the influence of the shape 
of the chest on the different subdivisions of pulmonary capacity was an- 
other purpose of the investigation 

METHODS 

The body height and weight were recorded m all cases, and the surface 
area calculated from the DuBois charts The following chest measure- 
ments were obtained m all subjects (without clothing) m the respiratory 
positions of full expiration, mid capacity (at the end of a normal expira- 
tion), and on full inspiration (a) Chest circumference — measured at the 
level of the nipple line, just below the pectoral prominences, (b) Lateral 
diameter (width), the distance between the midaxiliary lines at the level 
of the nipple, (c) Anteroposterior diameter (depth), the distance from the 
midstemal line, also at the level of the nipples, to the vertebral column , and 
(d) Longitudinal diameter (height), a distance from the upper end of 
the sternum, at the mid-lme, to the junction of the body with the xiphoid 
process of this same bone A pair of calipers (pelvimeter) i\as used in 
making the measurements 

The external “ chest volume ” m the three respiratory positions was 
calculated (according to the Lundsgaard and Van Slyke technique) from 
the product of the diameters at the corresponding positions 
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Radiographs of the chest were obtained at the end of maximum ex- 
piration maximum inspiration, normal expiration and, in most instances, 
at the end of normal inspiration These four exposures were obtained 
on two films in the following manner one of the films was first exposed 
at the end of maximum expiration, the exposure time being about three- 
quarters of that in routine radiography of the chest A brass filter, 0 2 
mm in thickness, was then placed over the chest at the level of the dia- 
phragms, and a second exposure of the same length and character was 
made on the same film at the end of maximum inspiration This film 
when developed shows the bony thorax and tlie diaphragm at both phases 
of respiration The object in using the brass filter is to prevent over- 
exposure of the chest particularly of the diaphragm, during the second 
portion of the exposure Much this same effect can be obtained without 
the use of the brass filter by making the length of exposure at expiration 
approximately five times that at inspiration We found it more comenient 
to use the filter and at the same time obtained better definition of the upper 
portion of the thorax on inspiration The principles of this technique have 
been explained by Thomas (1931) (8) 

It IS of the greatest importance that both exposures be made at the 
proper phase of respiration , i e after maximal effort, since the data ob 
tamed are used for the prediction of normal pulmonary capacity We have 
found It convenient to use a signal (movement of fingers of one of the 
patient’s hands) for timing the exposures 

The second film was obtained m a similar manner, varying only the 
phase of respiration for the exposures to normal expiration and normal 
inspiration It is extremely important that the exposure for expiration 
be made first, reversal of the order results in obliterating the shadow of 
the diaphragm at expiration 

The films were obtained in the recumbent position The individual 
was placed in the prone position on a fable, the fop of which had been 
modified to accommodate a tunnel m which the film cassette could be slipped 
without altenng the position of the subject The target film distance was 
SIX feet The exposure time was approxunately 1/20 second The kilo- 
voltage was varied according to the thickness of the chest The milliam- 
perage remained constant at 200 milliamperes 

Films obtained in this manner show the degree of expansion of the 
thorax and of the excursion of the diaphragm during maximal and quiet 
respiration Because of the fact that such films do not imjxirt any idea 
of the third dimension lateral films were tried dunng the early portion 
of the work in an attempt to define the anteropostenor diameter The 
use of these were abandoned because of the difficulty m obtaining two 
photographic impressions of the upper portion of the chest on the same film 
In determining the sire of the chest two linear dimensions of the chest 
were used the transverse diameter and the height of the lung field (above 
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the level of the domes of the diaphragm) The transverse diameter vas 
o tamed at Ae level of the 9th interspace posteriorly, the measurement 
being taken from the inner aspects of the ribs The height of tlie hmc 
fields was determined by measuring the verbcal distance from the dome 

of the diaphragm to the plane of the first rib (EF expiration and GH 
inspiration, Figure 1) 



Fig 1 Outlines of Radiological Film with Double Exposure Tech- 
nique (at Maximum Expiration and Inspiration) 

Different measurements taken 

These linear dimensions impart a very imperfect, or at least an in- 
complete, idea of the variation in chest size For this reason a planimeter, 
whiA recorded areas accurately up to 900 sq cm , was constructed The 
integrating wheel of this planimeter was approximately 7 5 cm m diameter, 
the tracing arm 50 cm in length, and the fixed arm 62 cm This instru- 
ment was calibrated by cutting circular grooves m a brass plate with diam- 
eters ranging from 10 to 40 cm The areas enclosed by these grooves 
were computed The planimeter was calibrated by companng the readings 
on the scale after the point of the tracer arm completed the circle m the 
individual grooves with the respective areas as computed A graph was 
plotted from these determinations 

With this instrument the areas of the lung fields were determined from 
the films obtained at the end of maximum and of normal expiration and 
inspiration The tracer arm was moved along the following course the 
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left axilla, left half of the diaphragm, right half of the diaphragm, nght 
axilla, right apex and finally swept across the spine to the starbng point 
at the left apex The cardiac area, including the great vessels, was also 
obtained separately The traangs obtained from films of a normal subject 
are illustrated in Figure 1 The area of the lung fields at maximum ex- 
piration was found to be 342 sq cm, and at maximum inspiration 571 
sq cm The difference represents the increase in area during maximal 
respiratory effort Similarly, mensuration of the film taken at the end 
of normal expiration and inspiration yields data concerning the difference 
m area to be used in measuring reserve, complementary and tidal air, etc 
The extent of motion of tlie ribs was measured by determining the 
angular displacement of ribs during maximum respiratory effort The 
7th rib (posterior portion) was usually selected because it could be seen 
best in a film taken at maximum expiration and inspiration Lines were 
drawn representing the direction of the same rib at expiration and inspira- 
tion and the angle between them measured In the normal subject illus 
trated, this angle (IJK) becomes 22“ 

Because of the curved course of the rib, its direction was determined 
by the slope of the outer two-thirds of its posterior portion 

It was thought that a better approximate value of the size of the chest 
cavity could be obtained from combined external and radiological measure 
ments We have multiplied in all cases the area of the lung fields (the 
area of the heart included) expressed in square centimeters, by the corre- 
sponding anteroposterior diameter (depth) of the chest measured externally 
in centimeters The result is designated in this paper as the " radiological 
chest volume ’’ 

CORRELATION OF THE PULMONARY CAPACITY WITH PHYSICAL AND RADIO 
LOGICAL MEASUREMENTS 

The correlation of the total capacity and its mam subdivisions with body 
and chest dimensions and with radiological measurements has been sum 
marized m Table I It is convenient to mention that correlation coefficients 
are significant only when they exceed the probable error multiplied by three 
and that correlation is proportionally better as coefficients approach the 
value of 1 

In regard to the total capacity, we find that the highest correlation is 
obtained when the ‘ radiological chest volume ’ (at maximum inspiration) 
IS used It IS correlated significantly although in a lesser degree with 
the area of lung fields (also at maximum inspiration) and with the body 
height There is no useful correlation between the total pulmonary ca- 
pacity and external chest measurements, the correlation coefficients are 
either valueless or very low 

The vital capacity is also better correlated with the “ radiological chest 
volume ’ Its correlation of -}- 0 7174 ± 0 0467 is the highest of the 



810 PVLUONARY CAPACirV CORRELATION WITH MEASUREMENTS 

the level of the domes of the diaphragm) The transverse diameter was 
obtained at the level of the 9th interspace posteriorly, the measurement 
being taken from the inner aspects of the ribs The height of the lung 
fields was determined by measuring the vertical distance from the dome 
of the diaphragm to the plane of the first rib (EF expiration and GH 
inspiration, Figure 1) 



Fig 1 Outlines of Radiological Film with Double Exposure Tech- 
nique (at Maximum Expiration and Inspiration) 

Different measurements taken 

These linear dimensions impart a very imperfect, or at least an in- 
complete, idea of the variation m chest size For this reason a planimeter, 
which recorded areas accurately up to 900 sq cm , was constructed The 
integrating wheel of this planimeter was approximately 7 5 cm in diameter, 
the tracing arm 50 cm in length, and the fixed arm 62 cm This instru- 
ment was calibrated by cutting circular grooves in a brass plate with diam- 
eters ranging from 10 to 40 cm The areas enclosed by these grooves 
were computed The planimeter was calibrated by comparing the readings 
on the scale after the point of the tracer arm completed the circle in the 
individual grooves with the respective areas as computed A graph was 
plotted from these determinations 

With this instrument the areas of the lung fields were determined from 
the films obtained at the end of maximum and of normal expiration and 
inspiration The tracer arm was moved along the following course the 
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left axilla, left half of the diaphragm, right half of the diaphragm, right 
axilla, right apex, and finally swept across the spine to the starting point 
at the left apex The cardiac area, including the great vessels was also 
obtained separately The tracings obtained from films of a normal subject 
are illustrated in Figure 1 The area of the lung fields at maximum ex- 
piration was found to be 342 sq cm , and at maximum inspiration 571 
sq cm The difl^erence represents the increase in area during maximal 
respiratory effort Similarly, mensuration of the film taken at the end 
of normal expiration and inspiration yields data concerning the difference 
in area to be used in measuring reserve, complementary and tidal air, etc 
The extent of motion of the ribs was measured by determining the 
angular displacement of ribs during maximum respiratory effort The 
7th rib (postenor portion) was usually selected because it could be seen 
best in a film taken at maximum expiration and inspiration Lines were 
drawn representing the direction of the same rib at expiration and inspira- 
tion and the angle between them measured In the normal subject illus- 
trated, this angle (IJK) becomes 22° 

Because of the curved course of the nb, its direction was determined 
by the slope of the outer two thirds of its posterior portion 

It was thought that a better approximate value of the size of the chest 
cavity could be obtained from combined external and radiological measure- 
ments We have multiplied in all cases the area of the lung fields (the 
area of the heart included) expressed in square centimeters, by the corre- 
sponding anteroposterior diameter (depth) of the chest measured externally 
in centimeters The result is designated in this paper as the " radiological 
chest volume ” 

CORRELATION OF THE PULMONARY CAPACITY WITH PHYSICAL AND RADIO- 
LOGICAL MEASUREMENTS 

The correlation of the total capaaty and its mam subdivisions with body 
and chest dimensions and with radiological measurements has been sum- 
marized in Table I It is convenient to mention that correlation coefficients 
are significant only when they exceed the probable error multiplied by three 
and that correlation is proportionally better as coefficients approach the 
value of 1 

In regard to the total capaaty, we find that the highest correlation is 
obtained when the “ radiological chest volume ’ (at maximum inspiration) 
IS used It IS correlated significantly, although m a lesser degree, with 
the area of lung fields (also at maximum inspiration) and with the body 
height There is no useful correlation betiveen the total pulmonary ca- 
pacity and external chest measurements, the correlation coefficients are 
either valueless or very low 

The vital capaaty is also better correlated with the “radiological chest 
volume” Its correlation of -j- 0 7174 ± 0 0467 is the highest of the 
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CORRELATION WITH ML(\SUR1:MENTS 


TABLE 1 

Correlation of pulmonary capacities with physical and radiological measurements 

Charactenstics correlated Correlation cocmcicnt 

Total pulmonary capacity and body \^elght —0 1267 ±0 0944* 

Total pulmonary capacity and body height -{-O S509±0 0661 

Total pulmonary capacity and body surface area -J-0 1644±0 0930 

Total pulmonary capacity and chest circumference (maximum in- 
spiration) 1370^0 Q944 

total pulmonary capacity and chest volume (external) (maximum 
inspiration) +0 3271 ±0 0856 

Total pulmonary capacity and area of lung fields (mavimum mspara- 
tiof) +0 5848±0 0627 

Total pulmonary capacity and radiological chest volume (maximum 
inspiration) +0 6366±0 0566 


Vital capacity and body weight +0 1377 ±0 0930 

Vital capacity and body height +0 5452 ±0 0667 

Vital capacity and body surface area +0 2791 ±0 0876 

Vital capacity and chest circumference (maximum inspiration) +0 1591 ±0 0824 

Vital capacity and chest volume (external) (maximum inspiration) +0 3741 ±0 0816 

Vital capacity and area of lung fields (maximum inspiration) +0 6824 ±0 0509 

Vital capacity and radiological chest volume (maximum inspiration) +0 7174±0 0467 


Mid capacity and chest circumference (mid-position) 

Mid capacity and chest volume (external) (mid-position) 
Mid capacity and area of lung fields (mid-position) 

Mid capacity and radiological chest volume (mid-position) 


~0 2361±0 0897 
-0 0554±0 0957 
+0 5432 ±0 0674 
+0 4437 ±00769 


Residual air and chest circumference (maximum expiration) 
Residual air and chest volume (external) (maximum expiration) 
Residual air and area of lung fields (maximum expiration) 
Residual air and radiological chest volume (maximum expiration) 

* Probable error 


-0 0 737 ±0 0944 
+0 1065 ±0 0937 
+0 3707±0 0823 
+0 3826±0 0809 


senes, and consequently will be advantageously taken as the basis for the 
prediction of the normal pulmonary capacity in a given case It is in- 
teresting to observe the almost valueless correlation between the vital ca- 
pacity and the body surface area, a rather surprising finding as it has 
been widely accepted m clinics, following the work of West (9) in 1920 
He found that this volume is better related to body surface area than to 
any other physical dimension, normal men having a vital capacity of about 
2 5 liters per square meter From the present observations and from pre- 
xuous experience, we think that there are wide variations in this relation- 
ship , it is usually found only when there is a normal balance between height 
and weight, and is not obtained in subjects who are either over or under 
weight This has been so frequently observed in various clinics that it has 
limited the usefulness of the vital capacity determinations on the basis of 
body surface area, unless marked alterations are found 

The scatter of our fifty observtions around the lines of correlation when 
the total capacity, the vital capacity and the different bodily thoracic and 
radiological measurements are compared, may be appreciated from a stu j 
of the Figures 2 and 3 It is plainly evident that the best correlation is 
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Fig 2 Correlation between the Total Pulmonary Capacity and 
Physical and Radiological Measurements 
Lines represent ideal correlations (from the regression equations) Dots 
represent individual observations 
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TABLE I 

Correlohon of pulmonciTy capociltes with physical and radiological ncasiircnients 

Charactenstics correlated Correlation cocflicicnt 

Total pulmonary capracity and body weight —0 1267 ±0 09-14* 

Total pulmonary capacity and body height -f 0 5509±0 0661 

Total pulmonary capacity and body surface area -f-O I644±0 0930 

Total pulmonary capacity and chest circumference (ma\imum in- 
spiration) +0 I370±0 0944 

Total pulmonary capacity and chest volume (external) (maximum 

inspiration) -}-0 327 1 ±0 0856 

Total pulmonary capacity and area of lung fields (maximum inspira- 
tion) 4-0 5848 ±0 0627 

Total pulmonary capacity and radiological chest volume (maximum 
inspiration) -fO 6366 ±0 0566 


Vital capacity and body weight 
Vital capacity and body height 
Vital capacity and body surface area 

Vital capacity and chest circumference (maximum inspiration) 
Vital capacity and chest xolume (external) (maximum inspiration) 
Vital capaaty and area of lung fields (maximum inspiration) 

Vital capacity and radiological chest volume (maximum inspiration) 


-bO 1377 ±0 0930 
-bO 5452 ±0 0667 
-b0 279I±0 0876 
+0i591±0 082i 
-b0 3741±0 0816 
-bO 6824±0 0509 
-b0 7174±0 0467 


Mid capacity and chest circumference (mid-position) 

Mid capacity and chest volume (external) (mid-position) 
Mid capacity and area of lung fields (mid-position) 

Mid capacity and radiological chest volume (mid-position) 


-0 2361 ±0 0897 
-0 05S4±0 0957 
-bO 5432 ±0 0674 
-bO 4437 ±0 0769 


Residual air and chest circumference (maximum expiration) 
Residual air and chest volume (external) (maximum expiration) 
Residual air and area of lung fields (maximum expiration) 
Residual air and radiological chest volume (maximum expiration) 

* Probable error 


-0 0737±0 0944 
-bO 1065±0 0937 
-b0 3707±0 0823 
-bO 3826±0 0809 


senes, and consequently will be advantageously taken as the basis for the 
prediction of the normal pulmonary capacity in a given case It is in- 
teresting to observe the almost valueless correlation betxveen the vital ca- 
pacity and the body surface area, a rather surprising finding as it has 
been widely accepted in clinics, following the work of West (9) in 1920 
He found that this volume is better related to body surface area than to 
any other physical dimension, normal men having a vital capacity of about 
2 5 liters per square meter From the present observations and from pre- 
vious experience, we think that there are xvide variations m this relation- 
ship , it IS usually found only xvhen there is a normal balance between height 
and weight, and is not obtained m subjects who are either over or under 
weight This has been so frequently observed m various dimes that it has 
limited the usefulness of the vital capacity determinations on the basis of 
body surface area, unless marked alterations are found 

The scatter of our fiftj' observtions around the lines of correlation when 
the total capacity, the vital capacity and the different bodil> thoracic and 
radiological measurements are compared, may be appreciated from a studj 
of the Figures 2 and 3 It is plainly evident that the best correlation is 
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found in the case of the “ radiological volume ” and (o) the total capacity 
(Fig 2) and (6) the vital capaaty (Fig 3) 

When we come to the mid capacity we find a less perfect correlation 
with radiological data and a complete lack of relationship with external 
chest measurements It is correlated best with the area of lung fields 
(radiological exposure at the end of a normal expiration), a fact worth 
taking into account in investigations where this subdivision of total volume 
IS the only one that was determined and where knowing its normal value is 
desirable" The residual air is in very low correlation with radiological 
measurements, and in no correlation with external chest measurements 
From these observations it appears that we have been unable to confirm 
the early work of Lundsgaard and Van Slyke, and Lundsgaard and Schier- 
beck in demonstrating a correlation between the total capaaty and its mam 
subdivisions with the “ chest volume ” calculated from the three external 
diameters of the chest This conclusion could have been predicted for it 
IS evident that although the lateral and anteroposterior diameters may repre- 
sent the dimensions of the chest in these planes the measurement of its 
height IS not identical with the length of the sternum, and cannot indicate 
the level of the diaphragm, which varies widely from and independently 
of the sternal length The “ chest volume ” calculated from these measure- 
ments yields consequently a doubtful value of the true volume of the chest 
cavity Theoretically, it appeared to be a sounder assumption that multi- 
plying the area of the lung fields measured m radiological films and the 
anteroposterior diameter of the chest, determined externally, would secure 
a value more accurately representative of the true size of the chest cavity 
This assumption has been verified, for in this way a better correlation has 
been found between the volume of the lungs and that of the chest 

PREDICTION OF THE NORMAL CAPACITY OF THE LUNGS 

It has now been shown that in the total series of correlations between 
the total pulmonary capacity and its components and the physical and 
radiological measurements the highest and most significant correlation 
coeffiaent has been observed between the vital capacity and the “ radi- 
ological chest volume” This fact indicates that if the chest volume is 
known in a given case the vital capaaty may be predicted with a fair 
degree of accuracy by means of the regression formula derived from the 
correlation coeffiaent “ Other fractions of the total capacity may be in- 
ferred from the percentage values which the vital capaatj , the mid capac- 

== The regression formula derived from the correlation coefficient between the 
mid capacity volume and the area of lung fields (also at the same respiratory 
position) IS as follows 

Mid capacity (liters) = (area of lung fields in cms X 0 0042) -J- 0 33 
* The regression formula is 

Vital capacity (liters) = (radiological clicst volume (liters) X 0 24) -f- 1 22 
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TntLropostcnor diameters rar\ wideh , it is impobsible therefore in T 
giDcn case to justifj the use of these measurements It idtj be said m i 
general wa} that t circiimferentnl expansion of less than 6 cm is to he 
considered as reduced No correlation could be found between pulmomrv 
cajncitt and chest expansion determined bv external measurements 

If on the other hand we measure from radiological films the areas of 
the lung fields at maximum expiraticn and inspiration the relation between 
the two aaries within definite limits The ratio (Area at maximum ex 
piration/A.rea at maximum inspiration) y 100 has, m our senes, a mean 
ralue of 62 2 with a total deviation from the mean of less than IS per cent 
It appears that this ratio ma\ , therefore be used as a means of appreciating 
the degree of chest expansion If it is higher than 72 0 we inaj suspect 
that a definite reduction m excursion has taken place This ratio it must 
he remembered although it tal es into consideration the diaphragmatic and 
lateral expansion of the chest neglects expansion in the antLroposterior 
diameter But since as we hare found, the mean aalues of the lateral and 
anteroposterior chest expansion are practicallv the same, the error will be 
more or less constant As a matter of fact, we ha\e found, m a group of 
cases of chronic ptilmonarv disease this smnlant) of expansion m the 
two planes 

The ratio (Area at maximum expiratioii/Area at maximum inspiration) 
X 100 IS higher in people with a long narrow cliest and is chiefly altered 
by changes m the diaphragmatic excursion It is interesting to find a rela 
tionship between this ratio and the rclatire \ allies of the pulmonarj capac 
itj In this series of normal cases the correlation coefficient between the 
ratios (Area at maximum expiration/ Area at maximum inspiration) 
X 100 and (Residual air/Total \ohime) X 100 is significant -1-0401S 
± 0 0796 indicating that alterations m one ratio tend to be accompanied 
b\ similar and proportional changes m the other W e w ill show m an 
other communication that this relationship is considerably more eiident in 
pathological cases m which when expansion is diminished the residual air 
IS high This relationship hetween chest expansion and relative puhnoiian 
capacity suggests that correction of the latter is necessarv if exjnnsion is 
diminished A consequence of correcting such a value may lie the neglect 
of a pathological factor so that a value significantly altered in fact may 
appear to he normal It will be more helpful to have both ratios for the 
proper interpretation of a case rather than to inodifv one hy means of the 
other 

Additional information concerning chest expansion may be obtained 
from a study of other measurements taken from the same radiological film 
The diaphragmatic excursion the lateral expansion of the chest and the 
degree of movement of the rih although showing considerable normal vari- 
ations may be considered reduced when they move less than 4 cm 2 cm 
and 12° respectively 

40 
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SIIAPC or TIIC CHEST AXD LU■^G \ Of L MP 

In all of our 50 cases two different indices lia\c been calculated to 
determine the relationsluii between the shape of the chest and clnmjcs in 
pulinonar} capac!t\ and cliest expansion Tlic index (IXptli/’W'idtli) 
X 100 will indicate whether the chest is of the rounded or fl.it t\pe Theic 
are wide sanations in this index from 5S to 84 with a mean saluo of 6S5 
(Table III) In comparing this index wuth the different absolute and rela- 


Tsaer iii 
Shape of the chest 


1 

Indices 1 

\tcan 1 

1 

StTnd ird 

doMTtlOU 

Cot fTicicnt of 
Nnri vtiou 

\ iri ilions 




ter cent ' 


68 5 ±0 55 * 

5S±0 39* 

84 

58 3-84 4 


70 S±0 71 

7 3±0 49 

10 3 

1 

50-84 


* Probable error 

f This measurement represents the aeerage lieieht of both sides of the dia 
phragin (at mid capacite ) as determined on tlie radiological films 


tue volumes, we iia\e not found a significant correlation to indicate that 
variations in the jiulmonan capacity may he attributed to this factor 
There was no correlation, either, between this index and the degree of chest 
expansion, except that the moeement of the ribs is less marked when the 
chest index is high that is to say m rounded chests 

The index (HeIght/^Yldth) X 100 (both diameters being measured 
on x-rae films taken at mid cajiacity distinguishes two t 3 pcs of chest 
broad, muscular ones with a high diaphragm (hvpersthenic t}pc), and 
slender and long narrow ones with a low diaphragm (asthenic t\pe) In 
the former the index is low and in the latter ingh hare found that 

the shape or t\pe of the chest from this point of mow has a definite influ- 
ence upon the pulmonar\ capaciU, and that this is reflected chieflj m 
changes in the lohiine of reserre air In our senes of normal males, it 
was not an uncommon ohseraation to find a rather low \itdl capacitv (as 
compared with the calculated laliic) in the Iwpersthcnic t\pe of iiidnidiiil 
due to the small \olume of reser\c air The correlation coefficient between 
the index (Height, Width) X 100 and the reseree air was -{-04133 
zc0 0S03 which IS significant In the three cases m which the lowest 
indices were obtained (50 52 and 58) the obsersed reserve air was 026, 
0 50 and 0 38 liters respectneh 

The radiological chest volume was considerahlv larger in those iiufi- 
Mdiials with long narrow chests and low diaphragms The\ exhiliitcd cor- 
rcspondmgU the highest total pulmonarv capacitv This fact stands in 
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Fir 5 Asthenic (Left) and Htperstuenic Typfs of Chest 
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sharp contrast A\ith \\hat one might judge chnicall\. Iiccanse men with 
broad muscular and apparenth big chest ca\ ities are regarded as ha\ mg 
greater puhnoiiarN eolumes compaicd ^Mth the otlier tejie The re\erse 
IS, however, the case, indicating the importance of taking into consideration 
the diaphragmatic le\el m calculating the piihnonar\ capacit} in a guen 
case 

Comparing the chest expansion in Inpcrsthenic mdiMdiials (broad 
muscular chests with high diaphragms) w'e did not find any significant re- 
lationship between this and the ratio ( Area at maximum expiration/ Area 
at maximum inspiration) X 100 and the diapliragmatic excursion There 
w'as howeeer, almost no lateral expansion of the chest during the deter- 
mination of the resene air (a forced expiration from the mid capacitr 
lei el) m contrast with other cases in which an appreciable expansion was 
noticed and measured 


SUiritAKV AXD COX'CLUSrONS 

In a preceding paper (5) haie been presented tlic i allies of pulmonan 
capacit} found m obseriations made on 50 healthi males In the present 
communication w e have discussed the correlation hetw een the total capaciti 
and its main subdiiisions with height weight, surface area and external and 
radiological measurements of the thorax It has been sliown that they ina} 
be best calculated in a gnen case from the so-called "radiological chest 
\olume ” The method of calculation has been fullv presented, comparison 
of the obsened and the calculated volumes show^s a very close correspond- 
ence The application of these observations permits one to apiireciate 
pathological de\ lations 

Studies haie been made of the normal lariabiht} m the degree ol ex- 
pansion of the chest, which is best exhibited in measurements of the chest 
film taken b} means of a standard the technique w Inch has been descrilied 
The same film, together wuth the measurement of the anteroposterior di- 
ameter of the chest at maximum inspiration furnishes all necessary infor- 
mation for the calculation of a gnen piilmonar} capacit} if correlation 
coefficients and regression formulae are used 

The influence of the shape of the chest on the pulmonar} capacit} and 
on the degree of expansion of the chest has also been imestigatcd 

The obsenations presented lead to the following conclusions 

1 When the total pulmonar) capacit} and its mam subduisions arc 
calculated on the basis of the ‘radiological chest lolumc” at maxmuim 
inspiration the following deiia'^ions m the obsened lahies (as compared 
with the calculated ones) are considered to be significant a dififcrence ot 
o\er 15 per cent in the total pulmonan capaciti and iital capaciti , and of 
30 per cent and 40 per cent in the mid capacity and residual air respcctiieh 

2 It the ratio (Area at maximum exjnration Vrea at niaxnruim in- 
spiration) X 100 IS higher than 72 0 a reduction in chest expansion is 
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indicated Further cMdencc of deficient expiiiMon is obtained if the 
diaphragmatic excursion the lateral expansion and the degree of mo\e 
ment of the rib are found to be less than 4 cm 2 cm and 12° respectnel} 

3 There is a certain correlation betA\een the degree of chest expansion 
(as appreciated b} the ratio mentioned) and the rclatne proportions of 
subdivisions of the pulmonar}' capacit} Deficient expansion tends to be 
accompanied b} a higher percentage of the residual air m relation to the 
total capacit) 

4 There is a relationship between the shape of the chest and the capac- 
it) ot the lungs Induiduals with broad muscular chests and high dia- 
phragms (hypersthenic t^pe') usuall) present low ^olumcs of rc5cr\e an 
as compared with long and narrow chested mdi\iduals with low dia 
phragms (asthenic type) The latter ha\e larger thoracic capacity and 
consequentlv larger pulmonar) capacity 

5 From the observations made on normal males it is possible to de 
tcct pathological changes m the absolute and relative pulmonarv capacit) 
in a given case The importance of recognizing such alterations is obvious 
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STUDIES OF TOTAL PULMONARY CAPACITY AND ITS SUB- 
DIVISIONS III CHANGES WITH BOD\ POSTURE 
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(Received for publication April 7 1933) 

It has been known for many years that the posture of the botlj has an 
influence on pulmonary capacity More than 25 years ago Bohr (3) and 
Plesch ( 10) found that the residual air increases in the recumhent position 
Christie and Beams (6) m 1922 observed a reduction of 5 5 per cent in 
the vital capaaty in the latter position and Wilson ( 1 1 ) a few years later 
demonstrated that this is brought about by a marked reduction m the re 
sene air Binger and Brow (2) m 1924 found a considerable decrease 
in the functional residual air (mid capacity) with subjects flat m bed The 
average reduction in nine cases was 080 liters In recent jears Anthonj 
(1) reported practicallv no change in the volume of residual air depending 
on different positions of the body but confirmed the previous finding that 
there is marked reduction in the reserve air in the recumbent position and 
pointed out that the volume of complementary air changes in the opposite 
direction , it increases on assuming this position Calhoun Cullen and 
Harrison et al (5) m 1931 found similar influences due to the position 
of the bodj on the pulmonary capacitv 

We have shown in a previous paper (8) that there is a definite correla- 
tion between the total capacity and its subdivisions and the si?e of the 
chest cavity It will be interesting therefore to discov er w licther changes 
in position are also accompanied by similar and jiroportioiial alterations m 
size and expansion of the chest Hamilton and Morgan (7) in a recent 
communication reported that in five norma! subjects there was no change 
in the volume of residual air in the recuiiibeiit position but they observed 
a moderate decrease in the v ital capacity and consequently a corresponding 
diminution in the total capacity when lying was compared with the sitting 
posture These investigators measuring the lateral and anteroi>osterior 
diameters of the chest found a moderate increase when the subjects were 
recumbent but failed to find consistent changes m the level of the dia 
phragin F rom their obsen ations they concluded that the chest cav it\ w as 
larger when the bodv is rccuinbent and that the reduction in total voluinc 

* Travelling Fellow of the Rockefeller Foundation 
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and Mta] cnpacit\ m this posture possihh is broucjht nhoul h\ accuimilntion 
of blood in the piilnionar\ circuit 

There is CMclcnce in the literature to show that when rtcuinhenl there 
IS diminution in the sire of the caxitj of the chest Briscoe (4) from 
careful ohsereations concluded that in this position there is a consukrahle 
reduction and that this is afrected chiefl) In an delation of the diaphiatrin, 
while the lateral and anteroposterior diameters of the chest show icr\ 
slight increase Lnmgstone (9) in 1928 reported that in normal iiidi- 
1 iduals the capacity of the chest is least in the su]iine posture and th it this 
corresponds with a higher Iciel of the diaphragm and with practical!) no 
change in the diameters of the thorax 

To stud) this matter further, we ha\e made ohsenations of 10 health) 
males (average age 23 )ears) regarding the influence of iiusturc on the 
capacity of the lungs and the si-ie and exiiansion of the chest 1 he deter- 
minations of pulmonary capacity m the sitting and recumbent positions 
W'cre made wnth a few- minutes interval Radiographs of the chest were 
obtained at maximum and at normal exjuration and inspiration 1 lie 
methods and technique cmiiloyed m these observations and the diiTercnt 
measurements obtained trom the radiographs have already been described 
f8) 


C^A^GCS IX I’UI MOXARY CAr\CIT\ WITH ]!0D\ POSTUKr 

The variations found (Table I) are interesting and, in general agree 
with the W'ork of previous investigators When subjects assume the re- 
cumbent position there is as comi>ared w ith the sitting posture, a moderate 
reduction m the total capacity vital capacity, and residual air (the average 
diminutions are 9 0 6 6 and 14 5 per cent resjicctively ) with more marked 
changes in the reserve air and mid capacity (28 2 and 41 7 per cent) The 
onh V olumc which show s an alteration m the ojiposite direction is the com- 
plcmentar) air Its increase (111 per cent) is, however, proportionallv 
lower than the decrease in the reserve air, so that the vital capacity is never- 
theless reduced 

In the course of our investigation vve also determined the vital cajiaiit) 
of 32 health) males in the erect and l)mg positions The results of these 
eibserv ations closely agree with the corresponding changes found in the ten 
cases The average vital capacit) in the erect posture was 5 06 liters while 
m the l)ing position it was 4 77 liters a difference of 0 29 liters a reduction 
of 5 7 per cent 

The alterations in the absolute values of some of the subdivisions on 
assuming the recumbent posture arc of course reflected in their relative 
values because the total volume is proportionallv less altered '1 here are 
ven slight changes in the ratios (\ital capacit), Total volume) and 
(Residual air 'Total volume) but on the other hand there are niarked 
reductions m the ratios of reserve air and mid capacit) to the total voluiiic 
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table I 


Changes tn Pulmonary capacity according to posture {mean of 20 observations) 


Determinations 

Means ^ 

1 

^ arntion 

Sitting 

Liing ! 


tilers 

liters 

per cent ' 

Ulrrs 

Total pulmonary capacity 

6 64=h0 18 1 

6 04*0 19* 

-9 0 

0 60 

Vital capacitv 

4 99±0 12 

4 66*0 14 

-6 6 

0 33 

Complementary air 

3 32±0 10 

3 69±0 12 

+11 1 

0 37 

Reserve air 

1 eSitoo/ 

0 98±0 06 : 

-41 7 

0 70 

Mid capacity 

3 33i0 14 ' 

2 39±0 11 

-28 2 

0 94 

Residnal air 

1 6o±0 10 1 

1 41 ±0 09 

-1451 

0 24 

Ratios 

per cent 

per cent 



Vital capacity/Total \olumc 

754±1 1/ 

76 9±1 01 

+ 1 9 


Complementary/Total volume 

49 6±1 15 

60 8±0 96 ' 

+22 J 


Rcserve/Total volume 

25 3*0 83 

16 2±0 96 

-35 9 


Mid capacity /Total volume 

499d=l 15 

39 2±0 9a 

-21 4 


Rcsidual/Total volume 

24 5*1 06 

23 0*1 13 

-6 1 


ComplementaryAhtal capacity 

64 8*1 95 

78 5±I 19 

+21 5 

1 

Rescrve/Vital capacity 

33 5*1 06 

21 0*1 12 

1 -37 3 


Mid capacitj A^ital capacity 

66 7*2 47 

51 3*1 78 

-23 0 


ResidualAhtal capacity 

33 1±2 05 

30 4*1 85 

-SI 

1 


* Prob'iblc error 


The complementTr} Tir increabcs and therefore its ratio is incrcTscd The 
complementTrj nir makes up t bigger part of the vital capacit) and the 
^ese^^eal^ the other component is correspondingly reduced 

The changes just mentioned in the absolute and relative \alues of the 
pulmonary capacity and its subdi\isions according to posture indicate the 
necessity of making all determinations under similar and standard condi 
tions to permit proper comparison This fact has often been o\erlooked 
in the past 


INTI UCNCE or lOSTUrE ON SIZE AND E\1 \NSION OF THE CHEST 
The different measurements obtained from the ladiological films taken 
in the sitting and recumbent postures are summarized in fable II Con 
sidenng first the changes occurring in the size of the chest it will be noted 
that \\hen recumbent the le\el of the diaphragm is distinctly higher, and 
that this is more marked at mid capacitj (after a normal expiration) It 
IS also higher at maximum expiration and inspiration but to a much smaller 
degree The actual measurements of the height of the right and left sides 
of the diaphragm sho^\ that at mul capacit> thc> are 5 6 and 4 1 cm higher 
than in the sitting position The higher Ic\cl attained is sbghllj more 
marked m the right diaphragm 






TAHLr II 

Chatlines tu size and expansion oj the chest with body posture 
{from radwloRicttl obsereattons — mean of 10 eases) 
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It IS interesting to see tliTt the literal dnmeter of the chest shows i 
\ery slight change, less thin one centimeter, when the posture is Mned 
from sitting to recumbency We have not meisured the interoposterioi 
diameter but from other investigitions already cited it prolnbK shows no 
change 

The size of the areas of lung fields shows similar ilteritions At mid 
capacity it is reduced 22 4 per cent At maximum expiration and inspira- 
tion the areas are slightly smaller although the decrease is onl> 7 0 and 
4 7 per cent respectively 

Trom these observations it appears that the alterations in the size of 
the chest are of similar cliaractcr to the variations in pulmonary capacity 
We have seen that the volume ot mid capacity is most markedly reduced 
(as compared with the total volume and residual air) and that similar 
alteration occurs in the radiological area of the lungs at this respiratory 
position We have found that the decrease m pulmonary capacity is some- 
what more marked however than the changes m the radiological area of 
the lungs The total volume is reduced 9 0 per cent while the area at 
full inspiration is only 7 0 per cent smaller The mid capacitv decreases 
28 2 per cent while the corresponding area shows a reduction of 22 4 
per cent and finally the residual air decreases 14 5 per cent and the area 
at maximum expiration has diminished otil) 4 7 per cent in size Does 
this mean that part of the alveolar space is encroached upon by the in 
creased size of the capillary hed^ This explanation mav he correct as 
has often been suggested hut it is worth emphasizing that we have not 
found a marked discrepancy between the changes in pulmonary capacity 
and chest size 

Companson of the expansion of the chest m the sitting and recumbent 
positions IS interesting We will consider first the diaphragmatic excur- 
sion While recumbent there is a very slight increase in the maximum 
excursion hut the difference is less than a centimeter The movement ot 
the diaphragm dunng the determination of the reserve air is much de- 
creased This IS evident on both sides although slightly more on the right 
While sitting the reserve excursion of the right diaphragm is S 0 cm 
Old of the left 3 0 cm and it decreases to 0 7 and 1 0 respectively in re 
cumhency On the other hand the ‘ complemental ” diaphragmatic ex 
cursion (during a forced inspiration starting from the mid capacity) shows 
a very striking increase in recumhenev 

The measurements of the areas of the lungs on a radiograph at different 
respiratory positions (at maximum expiration and inspiration, and after 
a normal expiration and inspiration) indicate the changes in the size of 
these areas during the detennination of the several subdivisions of the 
total volume (vital capacity reserve air complementarv and tidal air) By 
comparing these differences in area in the sitting and recumbent ]iositions 
we find that in the latter posture there is relatively a small vanition m 
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SUMMAI \ Ar^D CONCLUblONS 

The effects of posture upon pulnionarv capacity ami the size and ex- 
pansion of the chest ha%e been observed in 10 hcalthj males bj comparing 
incasurementb made m the recumbent and sitting postures 

It has been found that uhen recumbent there are slight decreases m 
the total volume, the vital capacU> and the residual air but the reserve 
air decreases markedly On the other hand there is a marked increase 
in the volume of the complementary air 

Simihr and parallel decreases although proportionally less marked have 
been demonstrated to occur m the size of the chest This diminution is 
most marked at mid capacity and it is caused by an upward displacement 
of the diaphragm 

An analysis of the expansion of the chest m both sitting and recumbent 
positions shows also parallel changes In the latter posture the dia 
phragnntic excursion and the change in the area of the projection of the 
lungs corresponding to the reserve air are considerably reduced while the 
reverse is true m relation to the complementary air 

These observations furnish additional data regarding the close correla- 
tion existing between the pulmonarv capacity and the size and expansion 
of the chest and indicate the necessity for acloj>ting a standard posture 
when investigations of this nature are made 
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SI UDIES OF TOTAL PULMONARY CAPACm AND ITS SUB- 
DIVISIONS IV PRELIMINVRY OBSERVA.TIONS ON 
CASES or PULMONARY EMPHYSEMA AND 
OP PNEUMOCONIOSIS 

B\ ALBERTO HURTADO i WALTER W FRAY and \VM S McCANN 

(From the Dcpartwiilt of Medicine of the School of Medicine and Diiitistr\ of the 
Vlil ersit\ of Roehistcr and the Medical Clinic of the Steonff 
Alemonal Hospital Rochester Nezu York) 

(Received for public'ition May 15 1933) 

There has been no pr'icticnl method of estmntmg m i quiiititntive \\'iy 
the degree of respiratory niefficienc> m cases of chronic piilmoinr} disease 
Although many observations have been made in regard to their under 
lying pathological anatomy and phjsiolog) there has not been any serious 
attempt to correlate such observations with the clinical condition especially 
ith respect to adaptation to the increased respiratory demands on physical 
activity Investigators have usually been concerned with circulator) and 
internal respiratory functions In previous papers (3) (4) ue have pre 
sented the results of our measurements of capacity of the lungs and of 
chest expansion in an attempt to establish the normal variation thus 
enabling one to distingcush pathological deviations Jn the present corn 
munication are presented similar observations in cases of chronic pulmonary 
diseases 

ItETHODS AND CASES STUDIED 

A complete description of the methods used m measuring the total 
pulmonary air and its sulidivisions and in the prediction of their normal 
values in a given case Ins been discussed m previous papers (3) (4) 
Measurements of pulmonary ventilation during phjsical activity have also 
been made using a modified bic)cle ergometer and a 100 liter Tissot spirom 
eter adapted to the graphic registration of the respirations In some cases 
arterial blood was obtained and its oxvgen saturation and carbon dioxide 
content determined by the manometnc method of Van Sl)ke (7) \Ve 
have studied 15 cases, 9 cases of pulmonar) cmphjsema and 6 cases of 
pneumoconiosis Several patients presented evidence of heart disease but 
no evidence of heart failure was present at the time of these observations 
In each group there was considerable variation in the extent of pulmonar) 
disease This was an important consideration as one of the mam purposes 
of this investigation was to correlate the findings with the degree of func 
tional respirator) disabilit) \ summar) of each case is given liclow 

'Travelling Fellow of the Rockefeller Foundation 
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l>LLMO.N\k\ tVmciT'i INirUNclVV 1>M L MOCOMOMS 


Case 1 


Cast 2 


C asc 3 


Cast 4 


Casi 5 


C asc 6 


7 


Case S 


JWe 41 \eirs Chronic cough for 27 \c'irs '^ertre nMlinnliL ni 
tacks during the la^t few \cars f ir\ <nxirc ihxpina on f'h\xtra> 
acfnif\ Kn cardne sxmptoms 

Chest tmrkedlt cinph\setnatOHs Heart normal Radiogr iph showed 
increased linear tnarkuigs and eiiiplnscnn 
Diagnosis Chronic broiicliitis Astliina Piihiionar\ emphisenn 
^^aIe 54 \ears Qironic cough md asthmatic attacks for 20 leirs 
Sixiu d\fl'iic(t on 4>h\ucal act ^ it\ A^o cardiac siniptoni' 

Chest marktdh emphiseni.atoiis Heart noniial Llcctrocardingrani 
normal Radiograph siiowed increased linear markings 
Diagnosis Chronic hroiiclntis Asthma PulmonarN emphssemi 
Male 51 \ears Chronic cough evpectoration and asthmiVic it 
tacks for two \ears Sexcrc dxsptna on fyhvxical acinih 
Kq cardiac smtptoms 

Chest \erN empln sematous Radiograpli siinwcd slight left sided 
cardiac enlargement and increased lung markings Electrocardio- 
gram presented evidence of mvocardi il damage 
Diagnosis Cliromc bronchitis Asthma Piilmonarv empln senia 
Chronic nnocarditis (compensated! 

Male 41 sears Chronic cough and asthmatic attacks for 18 veirs 
Oidv slight dvs[>nca on plnstcal actnilx No cardiac svinptoins 
Chest not empln sematous in appearance Ihperresonancc on per- 
cussion over precordial and hepatic areas Electrocardiogram nor- 
mal Radiograph ot the chest siioued prominence of the lung mark- 
ing and of the pulmonarv artcrv suggesting earlv fibrosis .ind 
pulmonic arteriosclerosis 

Diagnosis Oironic bronchitis Asthma Pulmonarv empln senia 
Pulmonic arteriosclerosis 

Jlale 60 rears Drv cough for main rears Moderate d\spnia on 
ph\sical aclnitv Erequeut attacks of precordial paiii for two or 
three v ears 

Chest defimtelv empln sematous m appearance Heart enlarged to 
the lett General arterioscie’'osis 

Diagnosis Arteriosclerotic he irt disease Pulmonarv empln sema 
Male 26 vears Asthmatic attacks since cliikihood A'<? dvspnca on 
physical actntt\ 

Chest not emphv sematous Heart normal Radiograph of clic-^t 
showed increased linear markings and evidence of an earlv cmidn 
sema 

Diagnosis Asthma Pulmonarv empln sema 

Mile 41 vears Attacks of precordial pun for seven vears During 
the last two vears atticls of unconsciousness accompanied with con- 
vulsions Ao dxspnca on inr/ion 

Chest markediv empln sematous Heart enlarged to the left Radio- 
graph of the lungs showed pulmonarv fibrosis md emphv semi 
Diagnosis Coronarv lieart disease Question of Adams-Stokes sin 
drome Pulmonarv emphv sema 
Male 50 vears Slight dxspiua on crirlton 

Che-t dots not appear empln sem ilous Heart enlarged to tlit left 
Electrocardiogram showed left ventricular preponderance and nuo 
cardial damage Radiograph of the cheA suggested piilnionarv cm- 
pin sema pleural thickening and cardne hvpertropln 
Diagnosn Arterio-clerotic heart disease Pulmonarv emphv sema 



ALBIRTO HURTADO WALTLR TRW AND \\ M S MCCANN 835 

Case 9 MtIc 61 yeirs Chronic cough for three \eTrs j^'en s<rcrt dys 
piua on physical actniU No cardiac sMnptoms 
Chest markedly entpliysematous Heart enlarged to the left Elec 
trocardiognm sho'vecl an intra\entncular conduction defect Radio 
graph of the chest reaealed a marked degree of emph>i.eun enlarge- 
ment of the left a entnde and increased linear markings 
Diagnosis Qiromc bronchitis Arteriosclerotic heart disease Pul 
monary emph>sema 

Case 10 Male 48 jears Had uorked in sand blasting for 6 \ears. Chronic 
cough for four years Se^cit dyspnea on physical acli if\ No car 
diac samptoms 

Chest emplusematous Heart not enlarged Electrocardiogram 
ga\e questionable eMdence of myocardial damage Radiograph of 
the chest showed marked increase in linear markings and tvpical 
appearance of pneumoconiosis and emphy sema at both bases 
Diagnosis Pneumoconiosis Pulmonar\ fibrosis 

Case 11 Male 35 \ears Had worked at sand blasting for 5 \ears Chronic 
cough for two yeafii ModcraU d\spnca on (.xcrtion Able to carr\ 
on light work Complains of palpitation on plnsical actuitv 
Chest did not appear emplnseniatous Heart not enlarged Radio 
griph of the chest showed characteristic changes of pneumocomosis 
pulmoniry fibrosis and emplnsema Electrocardiogram norun! 
Diagnosis Pneumocomosis Pulmonary fibrosis 

Cast 12 Male 46 aears Had worked at sandblasting for 2 ^ea^s Slight 
cough during the last \ear Modtratt d\spnca on plnsical activity 
No cardiac symptoms 

Chest had normal appearance Heart not enlarged Electrocardio 
gram normal Radiograph of the chest suggested pneumocomosis, 
and pulmonary emphysema 
Diagnosis Pneumocomosis Pulmonary fibrosis 

Cast 12 IMale 42 years Had been exposed to inhalation of siliceous dust for 
18 months Modefate d\spiua on exertion No other synnptoms 
Cliest had emphysematous appearance Heart slightly enlarged to 
the left Electrocardiogram indic«ated left \entricuhr preponderance 
Radiograph of the chest showed changes consistent with pneumoconi 
osis (Early second stage) 

Diagnosis Pneumoconiosis Pulmoiiarv fibrosis AEocardia! dis 
ease (compensated) 

Case 14 Male 42 years Had worked at sand blasting for 8 months Chronic 
cough during the last two \ears He thought that m the last two 
months he had had slight dyspma on plnsical acfi it\ No other 
symptoms 

Chest normal Heart not enlarged Radiograph of the chest showed 
increase in size ot the hila and increased markn^Ji but no mottlm^ 
Appearance of emphysema in botli liases 

Diagnosis Question of pneumocomosis Question of pulmonary 
fibrosis 

Case 15 Male 56 \ears Had been se\erth cxposwl to inhalition ot siliceous 
dust 7 years HeniopUsis frequent cougli ind strerr d\spnici on 
exertion Edema of lower extremities 

Chest markedh emplnseniatous Heart greatU enlarged Electro 
cardiogram showed right \entricuhr preponderance Radiograph of 
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«36 I’ULMOXARY CAPACITY CMPHTSEM S PAECMOCOMUs,s 

the lungs re^ealed a diftuse soft mottling Pulmomrs artuN nronn 
nent Tlie total -volume of the blood ^^as increased 
Diagnosis Pneumoconiosis Pulmonan fibrosis Sclerosis of the 
pulmonary arter} Mrocardial disease Sccondarv pohcvtlieiiin 

Obscj-vafwus on pithnonaiy capaatx 

Piihnonaiy emphysana The calculated and the observed values for 
the total pulmonar}' air and its mam subdivisions ui the nine sulijtcts 
having pulmonarj' emphysema are presented m Table 1, and arc sliovvn in 
Figure 1 In these cases the total capacity of the lungs which was oh- 

TVBLE 1 

Comparison of obseroed pulmonary capacity with calculated normal lalues in cmplmcma 

and in pneumoconiosis 


Total capaciti 


V'ltal capacitj 


Mid capscitj 


Rcsidinl air 


num ■ 

1"='' Calcu Ob Dif Calcu Ob Dif Calcu Ob Dif Calcu 

lated served ference lated cerved ference latcd served ference lated 
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Fir 2 Ref \Ti\p Pulmonary Cmacitics (Tot\l C\p\cm = 100 Pfr 
Cevt) in Cases or Pulmon \n^ E.mpii\sfm\ and Pneumoconiosis 
The sinded nrens represent hnuts of nonml \ irntions Bhck dots are cases 
ot ptdmo:nr\ enipli}senn circlts are cises of pneumoconiosis 
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PULMON \R\ CAPACIT-i nMPII\ SEM pi\EU3IOCOX70SIS 


These alterations in the absolute values of the pnlnionar}' airs arc re- 
flected in the relatne values That this is so may be appreciated by a 
study of Table 2 The vital capacity is reduced and the residual air cor- 

T\BLn 2 


Rclatu'c values of subdivisions of puhnoiiarv capacity in emphysema and pnciimocnnwsii 


1 

niiml>cr 

Ratio 
\.nl cnpacuj 

Tot-i! volume ^ 

Ratio 
Residual 'iir 

■F-n — i X 100 

Total \olumc 

Ratio 

Alid capaciU 

— h X 100 , 

Total volume 

Ratio 

Complemcntnrv \ir _ 

Vital cap icu% ^ 

I 

1 

1 Normnl 

Ob'^cned 

Normal 

Obscn cd 

1 

Normal 

Obsoned j 

Xornnl 

Ob'-era otl 


Pulmonary emphysema 


1 

78 0 

45 9 

22 0 

54 1 

38 0 

70 4 

79 4 

64 6 

2 

78 0 

31 7 

22 0 

68 3 

38 0 

77 0 

79 4 

72 6 

3 

78 0 

23 8 

22 0 

76 4 

38 0 

87 6 

79 4 

45 1 

4 

78 0 

65 2 

22 0 1 

34 8 

38 0 

49 1 

79 4 

78 2 

5 

78 0 

64 7 

22 0 

35 3 

38 0 

57 6 

79 4 

6a a 

6 

78 0 

63 2 

22 0 

36 8 

38 0 , 

51 4 

1 79 4 

! 77 0 

7 

78 0 

70S 

22 0 

' 29 1 

•38 0 

1 38 5 

79 4 

SS 2 

8 

78 0 

64 3 

22 0 

35 7 

38 0 

38 7 

79 4 

89 3 

9 

78 0 

28 5 

22 0 

71 4 

38 0 

80 9 

79 4 

66 6 


Pnciinioconiost<; 


10 

mm 

43 6 



38 0 

67 

3 

79 4 

750 

11 

■Mil 

63 7 

22 0 


38 0 


9 

79 4 

76 7 

12 

78 0 

61 5 

22 0 


38 0 

54 

4 

79 4 

79 7 

t3 

78 0 

69 3 

22 0 


58 0 

43 

4 

79 4 

84 5 

14 

78 0 

77 1 

22 0 


38 0 

33 

6 

79 4 

86 1 

15 

78 0 

51 4 

22 0 

48 6 

38 0 

56 

5 

79 4 

84 6 


re'^pondiiigh increased In severe cases the residual air occupies a tmich 
greater jiroportion of the total aolume than the Mtal aipacita A profound 
alteration in the ability to ventilate the ah cob has accordingl) taken place 
In many cases especial!} in the severe ones, the coinpleinentar\ air 
nnkes np a smaller portion of the Altai capacity than is the case with nor- 
mal persons This defect is a noteworth} feature in Cases I and 3 in 
which the Aolunie of resene air is strictly normal It ajipcars therefore 
that the distended lungs cannot be deflated to the nonnal lee el, but that a 
forced expiration expels nevertheless a normal qnantit} of air owing to 
the change in Aolume of mid capacit} 

hen the Mtal capacit} is composed chiefly of rcser\e air, or when 
the latter Aolume is not as markedi} reeluced as the complemcntar} air, 
there is probabh a further handicap to cIFcctiAe ahcolar Acntilation 

Giristie (2) found the Aolume of the rcscrAC air was smaller after a 
maximum inspiration than is the case when it is measured after a normal 
expiration and interpreted this as an indication of diminished elasticit\ ot 






VITAL CAfAUTT 


ra CAPAciTT 


MSIDUAL AI> 


Fir 2 Relatue Pulmonary CAPvcmFb (Tot\l CAPAcm = 100 P^r 
Cent) in Cases of Pulmonary Empii\sfmv and Pneumoconiosis 
The shaded areas represent limits of normal \anations Black dots are cases 
o£ pulmonarj emphysema circles are cises of pneumocomosis 
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Ihc in pulmonan ciniilu'^cma There is appartiUle a (kcrcise in 

the ahihu ol iminidinls to (icflate the limits after the% liue been tnll\ 
expanded We haee nnestiitatcd this phciiomennii in all onr e ises uid 
Ime found that it is not aluaes present It occnrreil in two inst niies Init 
was not eiident in some ot the most see ere and most nnqiiestion ible cisis 
of cmplnscma 

Pin imtocoiuosi^ Ihe results of onr ohscreations in this eondition 
differ Irom those obtained in jnilmonar} emplnscma 1 he oliseriul total 
capacit} of the lunjts is as a rule lower than the calculated T Ins decrease 
IS proportional to the clinical and radiolo"!cal eiidence of the se\ent\ of 
the disease The lungs of these patients eontain at maximum inspiration 
a smaller toliime of air than would be predicted from the radiogr.iphie 
measurements of the chest The diminution in total capacitj is caused en- 
tirely b) decrease in the \ital capacity The residual air is innderateh 
increased in almost all cases and this change indicates that there is some 
degree of pulmonary cmplnsema associated with the filirotic changes 
Tins obscreation agrees with the frequent demonstration b) p.ithologists 
and radiologists of empln sematous areas in the lungs of these patients 
The mid cajiacite is found to he normal in most instances 1 he \itil ta- 
pacita IS reduced in jiroportion to the total \olume, and the residual air 
greater but these alterations arc relatneh less than in cases of pnlmonars 
cmplnsema The increase in the ratio (Residual air^ Total \oluine) is 
chieflj due to dimiiuttion in the Mtal capacit\ The two components of 
the Mtal capacit) the reseree and comi)]cmentar> air show a normal re- 
lationship to each other in pneumoconiosis 

C/ics/ expansion 

Gianges in the ratio ( \rca at maximum expiration ' \rca at maximum 
inspiration) X 100 (measured on the doubh exjiosed raihograjih of the 
lungs) are especialh interesting From preeious studies (4) of normal 
male subjects we concluded that a ratio higher than 72 0 ma) be •considered 
as indicating diminished expansion In all but two of the cases of jiiil- 
monar) cmplnsema this ratio was higher than 72 (Table 3) In these two 
the diagnosis of empln sema was made on clinical grounds onl) In neither 
of them did the pulmonar) capacit\ show marked significant abnormaliti 
It appears then that in undoubted cases of jiulmonar) emphjsema there 
is a conspicuous decrease in abilit) to expand the chest (see Figure 3) 
The diajihragmatic excursion and the lateral expansion of the chest also 
arc as a rule elecreased The angle of moiemcnt of a rib m changing from 
full expiration to maximum inspiration was markedl) reduced m the ma- 
jorit% of patients In two of the scierest cases moiement was almost ml 

In pneumoconiosis the ratio { \rea at maximum cxjiiration/ \rea at 
maximum inspiration) X 100 was within upper normal limits in tall but 
two cases In one it was markedU altered, due to reduced expansion of 
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TVBii: 3 


Chest expansion 


Case 

num 

ber 

Ratio 

Area at maximum expimtion ^ 

Dia 

phracmatic 1 
excureion * I 

1 

Latenl 

expansion 

Rib 

mo^ cment 

1 

Circum 

fercncc 

expansion 

Areaat maximum inspiration ^ ' 



cm 

cm 

desrees 

1 

cm 


Pulmonarj emphysema 


1 

90 9 

03 

23 

20 

40 

2 

86 8 

3 a 

22 

7 

45 

3 

84 9 

24 

04 

3 

20 

4 

/7 9 

58 

28 

14 

100 

5 

70 7 

5 1 

10 

11 

80 

6 

75 5 

43 

22 

22 

7 0 

7 

77 4 

33 

1 0 

12 

80 

8 

66 9 

47 

06 

10 

30 

9 

82 9 

48 

02 

2 

30 


Pneumoconiosis 


10 

89 5 

08 

1 8 


40 

11 

70 0 

50 

25 


60 

12 

73 5 

47 

09 



13 

006 

53 

28 



14 

70 9 

41 

23 



IS 

73 8 

53 

1 1 


■H 


• A\erag€ of both diaphragms 





1 

N, 


Tic 3 Oltline ot the Lung Fields of ^fwivuM Ksiiration \nd 
Expiration in \ Norm\l M\n (Lfpt) and in a Case of PuL^^o^AR\ 
EMPinsEMA (Right) 
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llie chest The diaphragmatic cxcurMon the later il evinnsani nf Hk i lu .t 
and the movement of the rib were usually within noriinl Imiiis Reduc- 
tion in chest expansion is not characteristic of jiiKiiinoconiosis uid pnl- 
nioiiar} fibrosis, as it is of puInlonar^ cmphjscma 

Rclafioiisliip of dyspnea to altiiationK in capactl\ of tin Innqr 

V striking correlation is found to exist Iietwccn the olisoncd alterations 
111 capacit} of the lungs and the tendency to djspiica In all those cisis 
in which there was seiere limitation m plnsical actnit} we find m.irked 
changes in the absolute and relative pnlmoiiar\ capacit) \ high ratio 
(Residual air /Total volume) is almost always accompanied In a pro 
nounced degree of dyspnea on ph) steal exertion On the other hand in 
Cases 4, 5 7 8 and 14 m which such a ratio was cither norinil or lint 
slightly increased the history of dyspnea on exertion was not coiispicitotis 
The tendency to dyspnea m the cases of pneiimoLomosis was less scicrc 
as a rule than in those wnth pulmonary emphjstma and the changes in 
the relative pulmonary capacities were corrcspondingl) not as great In 
two cases in which the ratio of residual air to total loliiinc was high di spnc i 
on ph 3 'sical activity was, how’ever, also severe 

While dtscttssing the adaptation to plnsical actnit) it will he jicitincnt 
to present some observations on the measurement of piilmonar) \cntil.ilion 
during exercise The obseriations included grajihic registration of the 
number of respirations tidal and minute volumes, of patient while engaged 
in work in a speciall) designed chair ergometer These iincstigatioiis are 
summarized graphically m Figure 4 Normally the process of adapt.ition 
to ph)sical activity necessitates greater frecjuenc) of respiration as well as 
increase in the tidal volume so that the ventilation ))cr minute is consider- 
ably increased Peabody (6) found that efficient lentilation during exer- 
cise is closely related to the vital capacit) and that when this is low the 
maximum possible pulmonar) xentilation is reduced proportioiiall) In 
pneumoconiosis in which there is a decrease m the Mtal capacitj patitnls 
were able to increase the number as well as the depth of the rcspinitioiis 
during exercise xet the total \entiIation was considerably less than m men 
in pulmonary emph)sema an abnormal response to plnsical exercise n 
CMelent The vital capacit) was low and there was diiniiiishcd ahihti to 
expand the chest Einphi sematous mdniduals during phjsinl actnit) 
tend to increase the rate rather than the depth of breathing (Fig 4j Dif- 
ficiiUx m expansion of the chest in cmphx^cina is so great that when ac- 
cessor) muscles are brought into pla) xoluntanh increase in the depth ol 
breathing is accomjianied bv decrease m rate In all the cases subjected 
to exercise tests there has been sex ere dxsiinca on exertion and in each ca-f 
the maximum xentilation attainable has been less than normal 
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Puhnonary capaciiy and arlntal uitioation Xt.}tl! oivacn 

In sc\cn cases the arterial blood has ]>cen cxainincd to dcttnnmc its 
content of carbon dioxide and the deejrcc of saturation with o\\e;cn 1 !», 
results and the corresponding inilinonar) cajiacities arc iiresentcd in I ihle 
4 The lowest x allies for saturation of arterial blood with oxxgen ha\c 
licen found in cases in which the ratio (Residual air/lotal \olume) was 
abnormally high 


TVDLE 4 


Relationship oj arterial ovi/jck saturation to puhiioiinr\ enpaeit\ 


Ct«cs 

Oxy Kcn 

artcrnl 

Co content 
artornl blood 
\ olumc 

Dccrensc m 
MtTl 
cnpTciti 

IncTtncc in 
rcMtlinJ 

Ttr 

RtIio 

Ktsifin i! Tir 
Toi-aI \ olnniL 


per cent 

per cent 

per <enl 

fer cent 

per cent 

(3) 

72 9 

49 3 

—67 7 

-f 269 1 

76 2 

(1) 

79 6 

47 6 

-54 2 

-f90 0 

S4 1 

(2) 

80 0 

46 7 

-52 3 

-P266 0 

6S 3 

(10) 

80 6 

55 2 

-71 9 

-f 29 1 

56 \ 

(11) 

81 2 

46 2 

-41 9 

-f 169 

56 5 

(4) 

95 6 

30 2 

- 80 

+ 74 8 

54 8 

(12) 

95 7 

44 2 

-39 5 

+34 5 



DISCUSSION 

Marked and significant changes m the absolute and relatixc piilinoti.iri 
capacities exist as these studies show in cases of pulmonary emplnsenn 
1 he results are in agreement w ith the investigations of Lundsgaard and 
Schierbeck (5) and Anthony (1), who found a normal total \oliime but 
a marked decrease in the vital capacity and a corresponding incrc<ise in 
the residual air The fact that there are definite alterations in the capacitj 
of the lungs in cases of this nature, and that these changes are clostli cor- 
related with the clinical condition and the tendcnc^ to djspnea, is of con- 
siderable importance The diagnosis of pulmonary emphjscma is not si) 
easy to establish clinically as it appears to be \n emiilnscmatoiis ap- 
pearance of the chest ma) be due entirely to skeletal changes w ithout altera- 
tion in the lungs and conxersel} actual cmiilnsema in the pathologic d- 
physiological sense of the word, max be iiresent and mav escape cluneal 
detection because the chest is of normal size and shape ^.ot infrequent/) 
sxmptoms of respiratory failure are attributed to heart disease espcctalh 
in people past middle age when pulmonar) changes alone are rcs()oiisibIe 
for the sxmptoms In doubtful cases the measurement of the {iiilnioinn 
cajiacitx will aid in establishing the correct diagnosis The calculated pul- 
monarx capacitx m some cases of pulmonar) cmiihxsema is not stneth to 
he regarded as ‘normal ’ since we are using as a basis for prediction the 
size of the chest which m itself max be jiathological To be normal the 
capacitx of the lungs in a gixen case must correspond to the xolunie of 
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the chest hefore pTthologicil Tltcrations occurred We have investigated 
in normal men the possible correlation of thoracic volume with other hodil)' 
characteristics, and have not found aiij correlation by means of which 
we could predict normal values from other data such as height weight, 
or surface area In eniphjsema observed total pulmonary capacities agree 
fairly closel) with the size of the chest estimated from measurements of 
radiographs The most significant alterations occur in the relative values 
of the subdivisions of total capacitj 

There are no previous observations in the literature regarding pul 
moiiarj capacity in cases of pneumoconiosis and pulmonary fibrosis We 
have observed that there are significant changes in such cases, the degree 
of which IS closely correlated with the functional efiiciencv of respiration 
and with the anatomical changes revealed in the radiological e.\aminatiotis 
From these observations it seems probable that the determination of the 
piilmonarj capacity may be of value in the proper evaluation of the degree 
of respiratory disability In Case 14 in which the evidence of fibrosis in 
the lungs was small the pulmonary capacity was normal But m Cases 10 
and 11 in which it was great the capacity of the lungs was much dimin- 
ished In four of five cases there was moderate increase in the volume of 
residual air due probably to sccondarv emphysema usually found m asso 
elation with advanced pulmonary fibrosis 

SUMMARY AND CONCLUSIONS 

1 In seven of nine cases of pulmonary emphysema the total pulmonary 
capacity observed corresponded closely with that predicted from measure 
mtnts of the chest cavity In two it was slightly less Increase m the 
volume of the residual air and a corresponding reduction m the vital ca- 
pacity was observed in all cases 

2 In emphysematous patients there was definite reduction m cvpansion 
of the chest the degree liemg closely correlated vv itli alterations in the rcia 
live pulmonary capacities 

3 In cases of pneumoconiosis (pulmonary fibrosis) the total capacity 
of the lungs observed was less than tint predicted from measurements 
of the chest due to decrease in the vital capacity The residual air was 
moderately increased in four of five cases In one the changes were 
mimnial 

4 Decrease m expansion of the chest was not a significant feature of 
eases of pneumoconiosis (pulmonary fibrosis) 

5 Cases in which the rauo (Residual air/Total volume) was abnor- 
mally high were found to exhibit low saturation of the arterial blood with 
oxygen indicating poor alveolar ventilation 

Preliminary observations on response to exercise showed that the ca- 
pacity to ventilate the lungs was limited m a severe case of emphysema 
and in one of pneumoconiosis coniparcd with that m a normal man 
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Further ol)^cr\ ation*^ will he ncce'-^are to establish a relation helwuu thi. 
degree ot functional di^ahihu and ahnorni.ihties m pulmonar\ i..i]iKit% 
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THE EEFECT OF DIGIT ^LIS ON THE VENOUS PRESSURE 
OF NORM\L INDIVIDUALS 

B\ DAVID A RYTAND 

(Prom Ihc Dcparlmnil nf Medicine Slaiiford Uiii ersilx School of Medicine 
San r ranctsco) 

(Recened {or publication April 17 1933) 

Tint the odministntioii of digitalis in heart failure causes an increase 
in cardiac output (per minute and per heat) and a fall in venous pressure 
IS well known (1) It is also well established that the exhibition of digi 
tabs to normal men and dogs results m a decreased output (2 3 4 5 6 7) 
but data on venous pressure m normal individuals following digitalis ar^ 
inconclusive 

/n animals Villaret Grelletv Bosviel and coworkers (8) found a fall 
of venous pressure after intravenous injection of ouabain Kauf matin 
(9) Popper (10), and Dock and Taintcr (5 6) found a decreased venous 
pressure following uitravcnoiis injection of strophanthm and digitalis 
Plumier (11) noted increased venous pressure after strophanthm and 
digitoxm Yokota (12) found a small decrease greater decrease and m 
crease in venous pressure with intravenous injection of small mediuin and 
large doses respectivelj of strophantliin Capps and Matthews (13) 
found no change after digitalis 

In man Stewart and Cohn (7) found a marked fall in venous pres 
sure m one normal subject after oral adinimstration of digitan using the 
Moritz Tahora (20) technique of venous pressure determination Siniul 
taneously in the first subject and in two other subjects thev found no 
constant change when a less accurate method was used (that of allowing 
blood to rise in a drj tube) 

As Evster (14) pointed out it is imjiossible to determine whether the 
changes produced bj digitalis in output are cardiac or extra cardiac m 
origin unless the changes m venous pressure are known In decouipeii 
sated hearts it is agreed (5 7) that the increased output is due largelv to 
the change in ventricular tone anv perijiheral action of digitalis being rela- 
tively unimportant (although Wollhciiii (13) and others (16 17) credit the 
reduction m effective (svsteiiiic) blood volume with more importance in 
relieving congestive failure) 

Opinion differs wideh however regarding the origin of the digitalis 
effects m the normal organism Cohn and Ins coworkers (/ IS 19) iiii 
able to demonstrate v enous pressure changes hold that the decreased car- 
diac output IS due to diminished ventricular filling caused b\ increased tone 

847 
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of the heart mimcle Dock and Tainter (3 6) on the other hand l)eIit\L 
that the decreased output is due to thnmushed \entncn!ar fillini,' caii'id In 
lowered \enous pressure (with lessened return flow ol blood to the Ik irt), 
which the} ha\e sIioami to be the result ot pooling ot blood in the portal 
s} stem 

Grollnian ( 1 ) states that it is impossible at present to sa\ definitelv 
if the primare cause ot the obscreed decrease m the cardiae output fol- 
lowing administration of digitalis to normal mdi\iduals is due to its action 
on the heart or on pcrijihcral structures fins stiuK w is desigiud to 
obtain data on the height of \ciious pressure before and after the admin- 
istration of full doses of digitalis to normal human beings to determine 
whether the question of cardiac or e\tra-cardiac action of tlie drug in de- 
creasing output could be answ ered 

METHODS 

Tliirte-seien control and 82 es-peninental obsemtions were nnde on Actinii-. 
pressure before and after the adniinistration of digitalis (in single doscs> in 
9 trials on 8 normal subjects 

Apparatus and technique The niefliod used was one of llic direct (vene- 
puncture) tvpes, a simplification of the Montr-l ibora (20j techm(|nc as sug- 
gested b\ Dock The svstem consisted of an intravenous needle and a niaiioinc- 
ter (a straight 20 cm length of glass tubing 3 mm inside di.imeter), connccltd 
In means ot a Kaufniaun-Luer svringe The needle and svringc were boded 
before each determination, while the manometer was kept in 95 per cent alcohol 

Before use, the svstem was connected and filled with sterile piusiologicnl 
saline to avoid the misleading eftects of the viscositv of a blood column rising iii 
a dr} tube The saline-filled svstem was suspended over the anteenhit i! lossa 
of the subject and venepuncture performed in the usual aseptic manner flic 
plunger of the svriuge was then withdrawn until tlie manometer was in direct 
communication with the vein, and fastened in place The column of saline was 
allowed to fall in the manometer until equilibrium was readied when tiie hciglit 
of the top of the column above the vein was read Eight nidlinieters ( loniid In 
tiial) was subtracted from each reading to allow for capi!iarit> 

Each reading was made with the subject m the supine po-ition on a thin in it- 
tress without sag so that the olecranon and the dorsum of the thora\ were on 
the same plane To avoid the effects of exercise (21) the subject-, assumed tin-, 
position 20 to 30 minute-, before each determination No readings were taken 
immediatelv after the subjects had eaten Room temper iture was approxi- 
matelv constant 

All clodiing above the waist was removed Stasis for venepuncture w is 
momentarv onlv After each reading the upper ann was compre-sed to insure 
patenev of the needle and to allow the saline to rise tnd fall igain for a con 
firmatorv reading Because of the number of venepunctures in each subject 
both arms were used, prehminarv observations having shown tint this pro 
ceeding introduced no error 

No effort was made to approximate the level of the antccubit d vein to tint 
of the right auricle as we were more interested in following changes from hour 
to hour in anv given subject and felt that accuraev v ould be s icnficcd it an it 
tempt were made to obtain absolute venous pres-ure (22/ 
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Subjects There were 8 suhtects 6 men md 2 women Age varied from 
3 j to 63 years Two senes of observations were made on one woman All 
subjects were ambulatorv patients on tlie neuro psvcbntrv ward diagnosed 
psvchoneurosis psycbasthenia involutional melancholia and schizophrenia 
Most of them cooperated niceh None showed any evidence of cardiovascular 
abnormalities in particular there were absolutely no signs or symptoms of 
cardiac decompensation in any subject None of these patients experienced the 
symptoms of pain lassitude or dvspnea noted by Stewart and Colin (7) after 
digitalis administration 

Dtgilalts The digitalis powder used was kiiidlj supplied and standardized 
by Doctor A B Stockton It assaved 108 mgm to one Hatcher cat unit (pre 
dieted clinical dose = 21 to 35 mgm per kgm ) and 23 mgm to one pigeon 
emetic dose (predicted clinical dose — 23 ntgtn per kgui ) The dosage varied 
from 1 0 to 1 6 gram 1 19 2 to 30 0 nigm per kgm ) Each subject receiv ed the 
powder 111 one dose at six o clock in the morning before breakfast 

RESULTS 

The initial venous pressure deteniimatioiis in five of the subjects were 
ob\ lotislv f illacious being 2 2 4 1 anti 4 9 cm higher than the a\ trage o f 
the remaining control observations in three cases and 110 and 3 1 cm 
lower 111 two In another instance a single reading 6 8 cm higher was 
found All of these erroneous values were discarded in the computations 
of results and do not appear in the figures or tables the net result of dis 
carding these observations is to minimize slightlv the venous pressure de 
crease to be pointed out below 

There are 37 control observations distributed over 9 series The varia 
hihties (lOOiz/Mum) of the series arc 14 1 117 114 10 1 73 71 64 
4 2 and 3 2 per cent respectively The average variability is 8 4 per cent 
There are 82 observations after digitalis 

An afternoon rise of venous pressure was noted m 4 of 6 senes of 
control observations The mean afternoon nse in these 6 senes was 
0 1 cm of saline This is in the same direction but of much less degree 
than the diurnal variation noted with an indirect method bj Hooker (23) 
No correction for iliis small variation was made in the computations 

The control and experimental results are summarized m Table 1 (hours 
approximated) Table 2 and Figure 1 It is evident that digitalis caused a 
fall of venous pressure of greatest degree (iiiinus 1 96 cm saline) at 24 to 
32 hours after administration with a return to the control level at 72 to 
96 hours 


DISCUSSION 

111 Figure 2 (data m Table 3) is represented a comparison of our re 
suits on venous pressure (A) with those of Cohn and Stewart (4 7) on 
cardiac output m humans (B) and m dogs (C) All means arc computed 
by averaging observations about their respective modes 
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TABLE 2 

Effect of giving digtlalts on the venous pressure of normal individuals Means of all 

observations 


Hours after 
administration ! 
of digitalis 

Range of 
hours after 
di^talls 

Number ! 

of 

obseivaUons 

Venous pressure. ! 
Deviation from 
control mean ' 

Pulse rate 
Percentage of 
control mean 

hours 1 

hours 

number 

cm saltne 

ter cent 

93 

4- 17 

34 

-1 35 

97 0 

31 7 

28- 38 

14 

-196 

98 5 

S7 3 

52- 62 

12 

-1 08 

95 6 

88 9 

76-104 

10 

+005 

102 5 

167 8 

120-270 

12 

82 

-0 28 

102 1 

i 

1 

48 

4- 5 

10 

-2 26 

98 3 

92 

7-10 

13 

-0 70 

93 6 

13 5 

11-17 

11 

34 

-1 29 

99 7 


In the lower part of the table, the observations in the first 17 hours are further 
separated The comparatively high venous pressure in the 7-10 hour range is due to the 
slow pulse (93 6 per cent) See discussion in text. 


Direction of changes Digitalis, m normal individuals, causes a 
crease m both cardiac output and venous pressure It is axiomatic that a 
cardiac cause for diminished output will result in an increased venous pres- 
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sure, and that an extra-cardiac production of lowered \cnous pressure will 
bring about a decreased cardiac output 

Duration of changes The time relations of \cnous pressure clnn!;cs 
to cardiac output changes are similar The lowest mean \cnous pressure 



0 20 t*0 60 80 100 

HOURS AFTER DIGITALIS ADMINISTRATION 

Fig 2 The Effect of Digitalis on Venous Pressure and Cardiac 
Output in Normal Indhiduals 

A Venous pressure B Output in human beings (7) C Output in dogs 
(4) 

occurred at 31 7 hours, while the minute and stroke Tolume in man fell to 
their lowest T-alues at 24 hours (after oral administration of digitalis) 
The 8 hour difference is probably due to the paucity of observTitions and to 
the necessit} of aieraging observations about their modes In dogs, bc-^ 
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TABLE 3 


Thceffectsof dtgtlahsadminislrattononvenouspressureattdonccrdiacoutpul A comparison 


Houre after 
dfRftalis 
administtation 

Number 

of 

1 observations 

Venous pressure 
Deviation from 
control mean 

Stroke volume 
Percentage 
of control ^ 

Mmute volume 
Percentage 
of control 

Pulse rate 
Percentage 
of control 

fjOttfS 

j number 

tm sodns 

ptr ctn\ '' 

Per cent ' 

per cent 


A Venous pressure in 

the normal human being 


93 

34 

-I 35 



970 

31 7 

14 

-1 96 



98 5 

57 3 

12 

-108 



95 6 

88 9 

10 

-1-0 06 

! 


102 5 


B Cardiac output m the normal human being (7) 


2 

2 

1 1 

105 5 

100 5 

95 5 

6 

10 

1 

93 4 

86 4 

92 5 

13 

1 s 


89 3 

82 1 

92 2 

24 

7 


85 4 

80 1 

95 4 

48 

6 


95 6 

95 2 

99 1 

72 

4 


99 0 

96 2 

1015 


C 

Cardiac output in the normal dog (4) 


25 


■■■■■ 

72 9 

56 5 

80 9 

25 5 



62 2 1 

712 

112 5 

48 



78 4 

83 0 

103 7 

73 



100 5 

103 8 1 

104 5 


cause of the intravenous administration of the drug, time relationships are 
not stnctly comparable, even here, however, the stroke volume is lowest 
at 25 5 hours 

Venous pressure returned to the control level bebveen 72 and 96 hours 
after digitalis Cardiac output in man reached normal values in 72 hours 
(stroke volume 990 and minute volume 962 per cent of their respective 
controls) Cardiac output in dogs was slightly above the control in 73 
hours (The apparent 16 day duration of depressed output in Stewart and 
Cohn s (7) Subject 1 is undoubtedly due to a high control reading for the 
values at 4, 5, 7, and 16 days after digitalis are remarkably constant — 87, 
89, 88, and 82 per cent of the control minute volume respectively ) 

The effect of digitalis on the A-V conduction time and T wave of the 
electrocardiogram disappears in 5 to 22 days (24 25) We made no 
electrocardiographic studies, but with the doses used the calculated duration 
of conduction time and T wave effects in our series would be 8 to 14 
days (26) 

The duration of digitalis action on both cardiac output and venous 
pressure is more fleeting, then, than on the central T wave and A-V con- 
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sure, and that an cxtra-cardiac production of lowered \cnoiis pressure will 
bring about a decreased cardiac output 

Duration of changes The time relations of \cnous pressure changes 
to cardiac output changes are similar The lowest mean \cnous pressure 



0 20 60 80 lOO 

HOURS AFTER DIGITALIS ADMINISTRATION 

Fig 2 The Effect of Digitalis on Venous Pressure and Cardiac 
Output in Normal Indimduals 

A Venous pressure B Output m human beings (7) C Output in dogs 
(4) 

occurred at 31 7 hours, while the minute and stroke volume in man fell to 
their lowest ^•alues at 24 hours (after oral administration of digitalis) 
The 8 hour difference is probablj due to the pauaty of observations and to 
the necessitj of a^eraglng observations about their modes In dogs, bc-^ 
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be regarded as constant, and the effects on diastolic size, as measures of the 
effect of digitalis on tone ” Obviously, heart work is a function of the out- 
put per beat and is not, as Cohn and Steele suggest, measured by the oxygen 
consumption of the entire organism Starling and Visscher (29) have 
demonstrated that diastolic volume varies with heart work, so that the de 
creased size of the heart observed by Cohn and Stewart (4, 7) should oc- 
cur as a result of the decreased output In expelling equal quantities of 
blood, a small heart must make greater excursions than does a larger heart 
This fact amply explains the observations of Cohn and Stewart (4) with- 
out the necessitj of invoking changes of tone The effect is great enough 
to exist despite the decreased volume which the small heart ejects after 
digitalis 

Cohn and Steele (18) further state “ the decrease in volume output 
which has been noticed was thought to result from the tome effect of digi- 
talis upon the heart (4), in consequence of which its size diminished so 
much, that a large or even a usual volume of blood could not be received 
and, therefore, could not be ejected ’ If this were the case, venous pres- 
sure should rise as it does m cardiac tamponade (27) , we have demon- 
strated on the contrary, that venous pressure actually falls Moreover, 
Wiggers and Stimson (30) showed by intraventncular pressure airves 
that the heart under digitalis offers no more resistance to inflowing blood 
than does the normal undigitalized heart 

Finally, Tainter (31) was able to reproduce the typical digitalis effects 
of decreased output and lowered venous pressure in cats with the Gibbs 
artificial heart apparatus in which preparation the heart is replaced by a 
mechanical pump and m which, therefore there could be absolutely no 
question of changes in " heart tone ” 

Relation of venous pressure to pulse rate If digitalis brady cardia were 
due to the Bambndge reflex, following decreased auricular pressure, we 
should expect the greatest slowing of pulse to occur in those subjects with 
the largest fall of venous pressure However, Figure 3 (data in Tables 2 
and 4) shows that the opposite is the case (the increased venous pressure 
in Figure 3 C is due to errors of selection because of the small number of 
observations) 

The fact that the pulse rate mean chanced not to fall below 95 per cent 
of the control in our series in no way invalidates the significance of the 
venous pressure decrease, for in the dogs of Cohn and Stewart (4), the 
lowest outputs were recorded with a mean pulse rate of 112 5 per cent of 
the control Burnell, Neighbors, and Regen (3) also noted that output 
returned toward normal when their subjects experienced nausea or had 
more rapid pulses In one patient with acute hepatitis (not included in 
this senes) in whom digitalis produced partial heart block (pulse rate 41 to 
47) and intense nausea and vomiting of four days duration the venous 
pressure fell only 1 4 and 0 8 cm at 5 and 1 1 hours respectively The ef- 
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cluction time changes It is more prolonged than the rise of arterial pres- 
sure m dogs 

Degree of changes Dock and Tamter (5) found in their dogs F4 and 
F5 that falls in venous pressure of 3 5 and 6 5 cm of water corresponded 
to minute output reductions of 41 and 55 per cent of controls, respcctn eh 
On the aierage, 1 0 cm of \enous pressure was cqunalcnt to 10 1 per cent 
of minute volume Beck and Isaac (27) found, in experimental cardiac 
tamponade studies, that a 3 3 cm rise m \enous pressure was associated 
with a 36 per cent reduction in cardiac output, and a 100 cm rise with a 
64 per cent reduction Thus, 1 0 cm of venous pressure was equivalent to 
8 6 per cent of minute volume Wiggers (28) presents a figure showing 
increasing systolic discharge in parallel with experimentally increased 
venous pressure (heart rate constant) Measurements taken from this 
figure permit the calculation that 1 0 cm of venous pressure is equivalent 
to 10 87 per cent of stroke volume 

Figure 2, m which the venous pressures of one group of subjects arc 
compared with the cardiac outputs of a similarly studied group, shows that 
at the time of the maximal digitalis effect in man the venous pressure had 
fallen 1 96 cm and the minute and stroke volumes 199 and 14 6 per cent 
of their respective controls that is, a 1 0 cm venous pressure change cor- 
responded to a 10 15 and a 7 45 per cent change in minute and stroke 
volumes 

From a comparison of our results with those of Cohn and Stew'art 
(4, 7), It IS evident that venous pressure and cardiac output changes in 
normal individuals after digitalis correlate remarkably well in direction, 
time, and degree The observ'ations on direction can be explained only 
by a penpheral mechanism of digitalis action, those on time support such 
a mechanism, for the change in venous pressure and cardiac output (like 
that m artenal pressure m dogs) is less prolonged than the effect on the 
T wave and conduction time, the degree of the venous pressure change is 
sufficient to explain the observed fall of cardiac output The correlation 
which Stewart and Cohn (7) make between output and cardiac area is 
not so well marked as that between output and v enous pressure, and neither 
supports nor controverts either the cardiac or extra-cardiac hypothesis of 
digitalis action 

The questton of cardiac tone According to Cohn and Steele (18), 
digitalis decreases cardiac output in normal cardiovascular systems by an 
increase in cardiac tone the only evndence presented that the tone is in- 
creased is that of Cohn and Stewart (4) The latter observ'crs found, 
radiographically , that the hearts of normal dogs became smaller and exhib- 
ited greater ventncular excursions after digitalis 

Cohn and Steele (18) state “ since, m the expenments of Colin and 
Stewart (4), the measurements were made dunng periods vhen the dogs 
were in so-called basal states, the work which their hearts performed may 
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be regarded as constant, and the effects on diastolic size, as measures of the 
effect of digitalis on tone " Obviously, heart work is a function of the out- 
put per beat and is not, as Cohn and Steele suggest, measured by the oxjgen 
consumption of the entire organism Starling and Visscher (29) have 
demonstrated that diastolic volume vanes with heart work, so that the de 
creased size of the heart observed by Cohn and Stewart (4, 7) should oc- 
cur as a result of the decreased output In expelling equal quantities of 
blood, a small heart must make greater excursions than does a larger heart 
This fact amply explains the observations of Cohn and Stewart (4) with- 
out the necessity of invoking changes of tone The effect is great enough 
to exist despite the decreased volume which the small heart ejects after 
digitalis 

Cohn and Steele (IS) further state “ the decrease in volume output 
which has been noticed was thought to result from the tonic effect of digi- 
talis upon the heart (4), in consequence of which its size diminished so 
much that a large or even a usual volume of blood could not be received 
and, therefore, could not be ejected ” If this were the case, venous pres 
sure should rise as it does in cardiac tamponade (27) , we have demon 
strated, on the contrary, that venous pressure actually falls Moreover, 
Wiggers and Stimson (30) showed by intraventricular pressure curves 
that the heart under digitalis offers no more resistance to inflowing blood 
than does the normal undigitalized heart 

Finally, Tainter (31) was able to reproduce the typical digitalis effects 
of decreased output and lowered venous pressure in cats with the Gibbs 
artificial heart apparatus, m which preparation the heart is replaced by a 
mechanical pump and in which, therefore, there could be absolutely no 
question of changes m ' heart tone ” 

Relation of venous pressuie to pulse rate If digitalis bradycardia were 
due to the Bainbndge reflex, following decreased auricular pressure, we 
should expect the greatest slowing of pulse to occur in those subjects with 
the largest fall of venous pressure However, Figure 3 (data in Tables 2 
and 4) shows that the opposite is the case (the increased venous pressure 
in Figure 3 C is due to errors of selection because of the small number of 
observations) 

The fact that the pulse rate mean chanced not to fall below 95 per cent 
of the control in our series in no way invalidates the significance of the 
venous pressure decrease, for in the dogs of Cohn and Stewart (4), the 
lowest outputs were recorded with a mean pulse rate of 112 5 per cent of 
the control Bunvell Neighbors, and Regen (3) also noted that output 
returned toward normal when their subjects expenenced nausea or had 
more rapid pulses In one patient -nith acute hepatitis (not included in 
this senes) in whom digitalis produced partial heart block (pulse rate 41 to 
47) and intense nausea and vomiting of four dajs duration the venous 
pressure fell only 1 4 and 0 8 cm at S and 1 1 hours respectively The ef- 
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feet of digitalis m reduang Acnous pressure is powerful enough, then, to 
o\ercome the counteracting effect of digitalis brad}cardia (which, un- 
opposed, would increase auricular pressure) 



0 <f0 ao 120 160 200 

HOURS AFTER OIGITAI.IS ADMINISTRATION 


Fig 3 The Relation of Pulse Rate to Venous Pressure 
A Means of all observations B Means of those with least slowing of 
pulse C Means of those with greatest slowing of pulse (In C the apparent 
rise of \enous pressure is due to the small number of observations between 40 
and 120 hours after giving digitalis ) 

The production of decreased venous pressure The hypothesis ad- 
v'anced bj Dock and Tainter (5, 6, 31) to account for the lowered venous 
pressure and cardiac output after digitalis is that this drug constricts the 
hepatic veins, resulting in diminished return flow through the infcnor vcm 

cava. References to earlier workers on this “ sluice mechanism arc given 

in their papers, along with their corroboratory experimental data The 
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TABLE i 

Relation of venous pressure to pulse rale 


Houre after 

Number 

Venous pressure 


digitalis 

of 

Deviation from 


administration 

observations 

control mean 

of control 

hours 

nun^er 

1 cm. saline 

f>fr cent 


A Means of all subjects 


93 

34 

-1 3S 

97 0 

31 7 

14 

-1 96 

98 5 

57 3 

12 

-1 08 

95 6 

88 9 

10 

+0 06 

102 5 

167 8 

12 

-0 28 

102 1 


B Means of subjects with least slowing of pulse m the first 36 hours 


94 

15 

-2 75 


25 6 

7 

-2 88 


56 3 

7 

-1 24 


88 9 

7 

-0 11 

108 7 

161 8 

10 

-0 38 

103 0 


C Means of subjects with greatest slowing of pulse m the first 36 hours 


90 

14 

-0 24 

91 0 

30 7 

4 

-0 33 

92 7 

605 

2 

+1 60 

93 0 

89 2 

2 

-hi 65 

92 0 

197 6 

2 1 

-1-0 20 

97 5 


hypothesis is confirmed by the results of other workers (15, 16 17) Cohn 
and Steele (18) state that “in order to be effective in shutting off from 
the volume of blood returning to the right auncle as much as a quarter, 
the lumina of the hvo vessels ” [right and left hepatic veins] " must be re- 
duced to zero — must be completely obliterated ” However, Blalock and 
Bradbum (32) produced a 75 per cent reduction m cardiac output by in- 
testinal trauma and assoaated altered circulatory state in the portal area, 
Elman and Cole (33) found that approximately 60 per cent of the total 
blood volume accumulates in the splanchnic area within a short time after 
portal vein ligation , Enderlen and coworkers (34) found that death occurs 
from reduced artenal pressure and cardiac output m 10 to 60 minutes after 
portal vein occlusion With such dramatic results follow mg the prevention 
of portal outflow, it is easily possible that digitalis should lower cardiac 
output only 20 per cent and venous pressure 2 cm by constricting hepatic 
vein radicles 

The anatomic evidence for the “ sluice mechanism ’ has been investi- 
gated in cats dogs and human beings by Elias and Feller (36) Popper 
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(Z7), and Bauer, Dale, PouIs«on, and Richards (35), the siilijtct is re- 
nened b} the latter In brief, the findings suggest that in the dog the 
mechanism is brought about the anatomic coiisiriictioii at the canl 
openings of the hepatic \ cins , in the cat and in man the liepatic \ cm radicles 
probably plaj a more important role hethcr tlie greater sen'-iti\it3 ot 
the dog to digitalis action on cardiac output (Fig 2) maj be attributed 
to the anatomic findings is not known 

Clinical apphcatians The reduction m heart size noted b> Stewart 
and Cohn (7) is undoubtedly due to the digitalis effects studied aboic, 
such action, if sustained, would retard cardiac hjpertroph} In a recent 
paper, Christian (3S) proposes continuous complete digitalization of jia- 
tients with enlarged hearts (and of those in whom cardiac enlargement 
may be expected) \vhile compensated, under the clinical impression that 
enlargement and decompensation are retarded Because of the importance 
of this subject, the impression should be confirmed or disproved by c\pcri- 
ments designed to determine how long the digitalis effect on heart size, 
venous pressure, and cardiac output can be sustained in animals, normal 
human beings, and those compensated patients whom Christian suggests 
digitalizing to retard heart failure 


CONCLUSIONS 

1 Digitalis causes, in normal human beings and dogs, a decreased 
cardiac output and a decreased venous pressure Tlic greatest effect occurs 
at about 24 to 32 hours after administration of the drug, with a return to 
normal levels m 72 to 96 hours 

2 The observed changes support the hypothesis that digitalis owes its 
action to a penpheral effect, probabl> on the hepatic \ein radicles, m re- 
ducing the return flow of blood to the heart The h} pothesis that the digi- 
talis action follow's changes in cardiac tone is negatned by all available data 

3 Digitalis bradycardia IS not due to the fail of venous pressure On 
the contrar>', the slowing of the heart, bj causing the normal increase in 
venous pressure, partially conceals the effect of digitalis in reducing the 
return flow of blood to the heart 

The author takes this opportunity to thank Dr William Dock for as- 
sistance in the preparation of this paper 
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A, COMPARISON OF THE CREATININE AND UREA CLEAR- 
ANCE TESTS OF KIDNEY FUNCTION 
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Service of Lakeside Hospital Cleveland) 

(Received for publication May 1 1933) 

The urea clearance test developed by Holier, McIntosh and Van Slyke 
(1) has one disadvantage, namely, that maximum and standard clearances 
are only comparable by reference to the average normal value for each or 
by multiplying the standard clearance by a constant In addition the stand- 
ard clearance, involving the square root of the urine volume is difficult 
to interpret The creatinine clearance test, developed by Rehberg (2), is 
not subject to these objections, since the excretion of creatinine is inde- 
pendent of urine volume It therefore seemed worth while to compare 
the creatinine and urea clearances as a test of renal function, to determine 
if there \\ as sufficient practical advantage in the creatinine test to compen- 
sate for the added technical difficulties 

Rehberg presented evidence that led him to believe that the creatinine 
clearance represented the volume of glomerular filtrate and on this as- 
sumption calculated the quantities of urea and chloride reabsorbed Reh- 
berg s conception has been accepted by Wyschegorodzewa (3), Bergwall 
(4), and others (5 6) , questioned bj Cope (7) and Ekehorn (8) , and 
denied by Shannon, Jolhffe and Smith (9) The evidence at present 
available does not, in our opinion justify imreservedly accephng the cre- 
atinine clearance as equal to the volume of glomerular filtrate, and while 
this lessens the value of the test as a tool in the study of renal physiology 
it need not detract from its usefulness as a practical test of kidney function 

METHODS 

Hospital patients were kept in bed for the period of the test Dis- 
pensary patients and normal subjects were alloived to sit in a chair or 
engage in light laboratory work Some tests were made after fourteen 
hours fast the majority after a light breakfast which MacKay (10) found 
had no effect on the urea clearance Three to five grams of creatinine 
were given by mouth an hour to one and one-half hours before the begin- 
ning of the test At the beginning of the test the bladder i\as emptied 
as completely as possible and a sample of venous blood obtained Ap 
proximately an hour later, but timed to the nearest minute, the bladder 
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was again emptied as complete]} ns posable and a '^econd ‘^amp’e of blood 
obtained If there was an} doubt whctiicr tlie subject coulcl empt} the 
bladder, he was catheterizcd \II blood anahses were undo on '^cruIU 
Urea nitrogen in urine and scrum was estimated b} tlie gasometric 
method of Van Slyke (11) , m a few instances b} Van Sljke and Cullen’s 
(12) method All anal}ses were made in duplicate Creatinine in urine 
and serum was estimated by Rehberg’s (13) modification of Folin's 
method using a colorimeter w ith Burkcr optical s} stem 

The ingestion of three to fi\e grams of creatinine increases the plasma 
concentration to 5 to 10 mgm per cent This decreases the effect of 
substances other than creatinine in plasma which gue the Jaffc reaction 
as w ell as making the estimation more certain Since Bchrc and Benedict 
(14) and Gaebler (15) have doubted the existence of creatinine in normal 
blood, and since Gaebler could recover only a relatucl} small fraction of 
the creatinine added to blood it was felt that the creatinine analvscs had 
to be examined before any reliance could be placed on the calculation of 
creatinine clearance by the formula UV/B — C By the method used in 
these experiments the average recovery of creatinine added to scrum in 
amounts equivalent to 0 5 to 15 0 mgm per 100 cc was 93 5 per cent in 
15 experiments, the extremes being 80 and 124 per cent Tabic I shows 


TABLE 1 

Comparison of crcaltntne clearances calculated from Mai chromogente substances and from 

ingested crealtnine only 



Before Ingestion 

After ingestion 

1 


Name 





Creatinine 
clearance t 

Serum 
‘ creatinine 

Creatinine 

excreted 

Aserigc serum 
creatinine 

CrtratJnInc 

exacted 


mgm trr cent 

mgm per 
tntnute 

mgm per 
cent 

rngm per 

mtnute 

A 

li 

J M H 

1 27* 

1 42* 

9 63 

12 72 

132 

134 


1 

831 


[ 124 

126 



i 

12 22 


102 

101 

MTiite 

1 0 95 

1 37 

6 16 

10 05 

103 

166 

WJson 

1 08 

1 59 

8 28 

8 08 

106 

100 

Letcher 

1 01 

89 

9 20 

11 05 

120 

121 


♦ Ar erage of 4 determinations 

-j-A — clearance calculated from total chromogente substance in serum and 


B — clearance calculated from ingested creatinine onh, subtracting raliie of 
diromogenic substances normallv present in serum and a\ erage rate of evere- 
tion of creatinine before ingestion 

that there is no difference in the clearance calculated on total chromogcnic 
substances in serum and unne after ingestion of creatinine and m the 
clearance calculated on ingested creatinine onl} Gaebler and Kcltch (16) 
hate shown that all the chromogcnic matenal adsorbed on Lloyd’s reagent 













J M HAVMAN, JR , J A HALSTED AND L E SEYLER 863 

and released again is indistinguishable from creatinine Therefore, a clear- 
ance calculated on the material released from Llojd’s reagent should be 
higher than that calculated on total chromogenic substances when no cre- 
atinine has been fed, since other substances account for a considerable frac- 
tion of the value obtained for " creatinine ” in normal serum After in- 
gestion of creatinine, the clearances calculated before and after the use of 
Lloyd’s reagent should show much less difference Table II shows that 


TABLE u 

Comparison of creatinine clearances calculated from total chromogenic substances and from 
material released from Lloyd s reagent with and without ingestion of creatinine 


Expenmental 
niimber and 
condition 

Urine 

Total creatinine 

Released from Lloyd 8 

volume 

Serum 

Unne 

Oearance 

Serum 

Urine 

Clearance 

1 


u Per 
mtnule 

mim per 
cent 

mgm 

Per cent 

cc per 
minute 

mgm per 
cent 

rngm 
per cent 

ce per 
minute 

11 

No 

6 84 

1 01 

131 

89 

84 

136 

111 


creatinine 

7 07 

130 

20 

109 

96 

18 

133 


ingested 

7 75 

132 

18 

106 

87 

14 

125 


Creatimne ' 

7 72 

9 63 

165 

132 

9 03 

159 

136 


ingested I 

195 

12 22 

642 

102 

10 99 

600 

106 


9 35 

616 

108 

164 

6 02 

101 

157 


this IS the case These expenments led us to believe that with serum con- 
centrations of creatimne above 5 mgm per cent the creatinine clearance 
could be calculated on total chromogenic substance present in serum and 
unne without significant error 

In order to estimate the range of creatinine clearance m normal indi- 
viduals under conditions of hospital and office practice 59 clearances on 
59 apparently healthy individuals were tabulated In 45 of these, only a 
single test was made In 14, from 2 to 21 clearances uere determined 
For these the first clearance determined was tabulated The range in 
these 59 observations was from 87 to 232 cc per minute, the mean 144 cc 
per minute with a standard deviation of 36 cc. When repeated tests are 
made of the same individual, there is a similar wide dispersion, but the 
limits for all clearances which we have obtained from normal individuals 
are only slightly wider Nor apparently does any normal individual tend 
to have a eonstantly high or low clearance 

For this reason, it seemed proper to include all our observations ( 130) 
of normal individuals where no recognized unusual factor, such as adminis- 
tration of a drug or exercise, was present to shov\ the normal ehance dis 
tnbubon of clearances If this be done, the range is from 70 to 238 cc. 
per minute, the mean 148 cc per minute with a standard deviation of 34 cc 
A frequency polygram of these observations shows a deaded skewness, but 
not suffiaent to make unreasonable the belief that the chances of a single 
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was again emptied as compictel) as po'^cihlc and a <^ccQnd ‘Sample of blood 
obtained If there was an\ doubt whether the subject could cmpiv the 
bladder, he was cathetenzed ‘Ml blood analyses were made on scniin 
Urea nitrogen in urine and scrum was estimated b^ the gasometne 
method of \'an Sljkc (11) , m a few instances b> Van S!>kc and Cullen’s 
(12) method All anahses were made in duplicate Creatinine in urine 
and serum was estimated by Rehberg’s (13) modification of Folin’s 
method, using a colorimeter w ith Burker optical system 

The ingestion of three to five grams of creatinine increases the plasma 
concentration to 5 to 10 mgm per cent This decreases the elTcct of 
substances other than creatinine in plasma which give the Jaffc reaction, 
as w ell as making the estimation more certain Since Behre and Benedict 
(14) and Gaebler (15) have doubted the cMstcnce of creatinine in normal 
blood, and since Gaebler could recover only a rclati\cl> small fraction of 
the creatinine added to blood, it was felt that the creatinine aiiahses had 
to be examined before any reliance could be placed on the calculation of 
creatinine clearance by the formula VV/B — C By the method used in 
these experiments the average recovery of creatinine added to scrum in 
amounts equivalent to 0 5 to 15 0 mgm per 100 cc was 93 5 per cent in 
15 experiments, the extremes being 80 and 124 per cent Table I shows 


TABLE I 

Comparison oj crcaltmne clearances calculated from tolol chromogtntc substances and from 

ingested crealtntne only 



Before inRcstion 

After InECStlon 



Name 





Creatinine 
clearance t 

Scnim 
* creatinine 

Creatinine 

excreted 

A\en};e serum 
creatimne 

Creatinine 

excreted 

1 

1 

mgm ter cent 

fftgm 1 

fntnttU 

mgm pa \ 
cent 

mgm per 
mtnuie 

1 ^ 

n 

J III H 

1 27* 

142* 

9 63 

12 72 

132 

134 



1 

8 31 

10 30 

124 

126 




12 22 

12 50 

102 

101 

WTiitc 

0 95 

' 1 37 

6 16 


163 

166 

ikon 

‘ 1 08 

1 59 

8 28 


106 

100 

Letcher 

101 

89 

9 20 


120 

124 


Average of 4 determinations 

\A — clearance calculated from total chromogcnic substance in serum and 
urine 

B — clearance calculated from ingested creatinine onl\, subtracting value of 
chromogemc substances normally present in serum and average rate of excre- 
tion of creatinine before ingestion 

that there is no difference m the clearance calculated on total chromogemc 
substances in serum and unne after ingestion of creatinine and in tbc 
clearance calculated on ingested creatinine onlj Gaebler and Kcltch fl6) 
have shown that all the chromogemc material adsorbed on Llojd’s reagent 











J M HAVMAN, JR , J A HALSTED AND L E. SEYLER 


865 


This IS a lower normal limit than Holten and Rehberg (19) use They 
found the clearance always above 100 cc per minute in normal individuals 
when tested between 10 and 11 am But in 89 clearances reported b) 
Rehberg of himself where experimental conditions were more varied re- 
garding posture and fluid intake, the clearance was 9 times between 80 and 
100 cc per minute, and twice between 60 and SO cc per minute, so that a 
patient cannot be said to have diminished renal function on the basis of a 
single creatinine clearance test between 60 and 100 cc per minute 

The maximum urea clearance in 56 observations of 25 normal indi- 
viduals ranged from 38 to 1 12 cc. per minute, with an average of 74 68 cc 
per minute and a standard deviation of 17 57 cc , identical with the 
average of 75 cc per minute found by Moller McIntosh and Van Slyke 
The range in our subjects is somewhat greater than the extremes of 52 2 
and 103 8 cc per minute which they found The mean standard urea 
clearance in 39 observations of 26 persons was 51 cc per minute with a 
standard deviation of 1011 cc The range was from 30 to 67 cc per 
minute This is the same range found by Moller, McIntosh and Van 
Slyke (28 3 to 69 3 cc per minute) while the mean is but slightly lower 
Thus in the case of normal individuals creatinine and urea clearances have 
about the same degree of dispersion The creatinine clearance is always 
numerically greater than the maximum urea clearance, although when the 
standard urea clearance is calculated using the square root of urine volume, 
the numerical value may be greater for urea than for creatinine clearance 
In estimating reduction of kidney function we have used 148 cc per minute 
as the average normal creatinine clearance and 75 cc and 54 cc per minute 
as the average normal maximum and standard urea clearances 

A comparison of creatinine and urea clearances has been made 116 
times on 93 patients with Bnght’s disease and certain other conditions 
(Tables III, IV and V) We have followed Addis’s classification (20) 
of Bnght’s disease but have used the term acute instead of initial hemor- 
rhagic Bnght’s disease Patients with degenerative Bnght’s disease, of 
whom relatively few were examined, have been grouped with the miscel- 
laneous cases in Table V We have not had the opportunity of examining 
any patient in whom the diagnosis of " cryptic ” degenerative Bright’s dis- 
ease (pure lipoid nephrosis) seemed proper Cases 107-624 and 151-532 
presented a typical picture at the time of some examinations, but had had 
hematuria some time previously Both clearance tests frequently show 
marked reduction in kidney function before there is any elevation of blood 
urea nitrogen, decrease in tw o hour phenolsulphonphthalem output, or fix- 
ation of specific gravity This was shown for the urea clearance by Van 
Slyke and his associates (21) and for creatinine by Holten and Rehberg 
(19) We have not found the decrease more constant or more marked 
in one test than the other Just as in normal persons, the creatinine clear- 
ance IE alw aj s numencally greater than the maximum urea clearance , the 
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clearance of a normal adult falling beh\een 80 and 216 are about 24 1 

(Fig 1) 

McIntosh, Moller and Van Slj'ke (17) found that more constant normal 
values for urea clearance ere obtained if a correction v as made for sur- 
face area This seems reasonable for Taylor, Drurj' and Addis (IS) vcrc 
able to show that kidney weights in rabbits varied in proportion to surface 
area rather than to body weight To avoid an error greater than ± 5 per 
cent m using the formula UV/B—C, body size can be neglected only in 
adults between 164 and 176 cm in height We ha\e corrected the cre- 
atinine clearance values by the factor (1 75/ A) w-here A is surface area 



Creatinine cleamnce, ccc per minute 

Fig 1 Frequency Polygram of 130 Creatinine Clearance Values on 

59 Normal Adults 

The solid area includes only the first observation made on each person 

in square meters This amounted to more than 10 per cent in 5 instances 
The average of the corrected clearances is 145 ± 34 cc per minute, and 
the dispersion practically the same as for the uncorrccted values Since 
other unknow n factors produce a much greater variation in clearances done 
on the same individual at different times than the amount of the correction 
for surface area, we feel that this correction is unnecessary in the case 
of adults except possibly for those of extreme heights We have not ap- 
plied the correction in the patients studied 

From our experience with normal subjects and patients suffering from 
vanous diseases, we have come to believe that creatinine clearances below 
60 cc per minute (41 per cent of average normal) are definitelj abnormal, 
and those between 60 and 80 cc per minute (41 to 54 per cent average 
normal) doubtful but significant if a repeated test is in the same range 
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This IS a loner normal limit than Plolten and Rchberg (19) use They 
found the clearance ahrajs aboae 100 cc per minute m normal individuals 
when tested between 10 and 11am But in 89 clearances reported by 
Rehberf of himself where experimental conditions were more varied re- 
garding posture and fluid intake, the clearance was 9 times behveen 80 and 
100 cc per minute, and twice between 60 and SO cc per minute, so that a 
pahent cannot be said to liaae diminished renal function on the basis of a 


single creatinine clearance test between 60 and 100 cc per minute 

The maMmum urea clearance in 56 observations of 25 normal indi- 
iiduals ranged from 38 to 112 cc per minute, with an average of 7468 cc 
per minute, and a standard deviation of 17 57 cc., identical with the 
aierage of 75 cc per minute found by Mollcr, McIntosh and Van SlyKe 
The range in our subjects is somewhat greater than the e.\tremes of 
and 1038 cc per minute which they found The mean standard urea 
clearance m 39 observations of 26 persons was 51 cc per minute wi a 
standard deiiation of 10 11 cc The range was from 30 to 67 
minute. This is the same range found by Moller, 

Slyhe (283 to 69 3 cc per minute) while the mean is bu ^ ^ 

Thus m the case of normal individuals creatinine and urea c „|^y^yg 
about the same degree of dispersion The creatinine 
numencally greater than tlie maximum urea clearance, volume 

standard urea clearance is calculated using the square clearance 
the numencal value may be greater for urea than ^ per minute 

In etmiafing reduction of kidney function we have u«e ^ 
as the aierage normal creatinine clearance and 7 
as the average normal maximum and standard been made 116 

A comparison of creatinine and urea gj^ain other conditions 

hmes on 93 patients with Bnght’s disease ,,^^5 classification (20) 
(Tables III ly and V) We have followed hemor- 

« Bnght's disease but have used the term gright's disease, of 

rbagic Bnght’s disease Patients with degena m.scel- 
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standard urea clearance, however, may have a greater numerical value than 
the creatimne clearance determined at the same time, since the concentra 
tion ratio is multiplied by the square root of urine volume m the former 
and by the volume m the latter 

A direct comparison of the hvo clearance tests is shown in Figure 2 in 
which the results of each test are plotted as percentage of average normal 



■Ptrcenr of normal CrcaTinmt clcanin.ce 

Fig 2 Comparison of Creatinine and Urea Clearance Tests in Pa- 
tients WITH Brights Disease and Certain Other Conditions 

Points above the line indicate instances m which the urea clearance showed 
less reduction than creatinine, those below instances m which the per- 
centage reduction in urea clearance was greater In patients with creatinine 
clearances below 10 per cent of average normal there is not much differ- 
ence in the degree of reduction of the two tests In 82 creatinine clear- 
ances behveen 10 and 80 per cent of average normal, the urea clearance 
was reduced to a greater degree m 32, while in SO it was not reduced to tlie 
same extent These differences are of questionable sigraficance when the 
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Wide range of normal \ariation in hotli tests is remembered The most 
that can be said in {a\or of the creatinine test is that it nna indicate a 
greater decrease in function more frequentK than the urea clearance, but 
not witli enough rcgularit}' to make up for the greater technical difiicuU) 
of the test Nor ha\e we been able to find an) group of patients nr aii) 
pathological condition in which the results of one test are consistcntU dif- 
ferent from those of the other 

Since the creatinine test is more laborious and cvpcnsuc, in\oI\ing the 
ingestion of creatinine and the anal) sis of two blood samples, we do not 
believe it has an) advantage in the routine estimation of the degree of 
impairment of kidney function in the clinic If it can be satisfactonl) 
shown that tlie creatinine clearance docs approMniatc the volume of glo- 
merular filtrate, then a comparison of the two tests, run simultaneous]), will 
permit a much more intimate anal) sis of the parts played b) variations in 
the volume of filtrate and degree of back diffusion in health and disease 
(19) 


COXCLUSIOXS 

The creatinine and urea clearance tests have been compared in normal 
persons and in patients w ith Bright’s disease The mean creatinine clear- 
ance in 130 observations of 59 normal subjects was 148 cc per minute 
The v'ariability of the two tests from the mean normal was approMmatcl) 
the same m our hands 

In patients w ith Bright’s disease the creatinine and Urea clearance tests 
are generally equal!) reduced in relation to the average normal We were 
unable to demonstrate an) practical advantage in the creatinine test to 
compensate for its greater technical difficulty 
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EXPERIMENTS ON THE RELATION OF CREATININE AND 
UREA CLEARANCE TESTS OF KIDNEY FUNCTION 
AND THE NUMBER OF GLOMERULI IN 
THE HUMAN KIDNEY OBTAINED 
AT AUTOPSY 

By J M HAYMAN JR and S M JOHNSTON 

(From the H K Cushing Laboratory of Experimental Medicine in the Department 
of Medicine of Western Reserve University and the Medical 
Service of Lakeside Hospital Cleveland) 

(Received for publication May 1 1933) 

Correlation of the results of tests of renal function with the pathological 
changes in the kidney has proved extremely difficult To cite a simple 
example in the marked proteinuria of degenerative Bnght’s disease, lesions 
of the glomeruli may he either slight or undiscoverable, while the tubule 
cells are strikingly abnormal And yet, by far the greatest part of the 
protein is believed to have been excreted through the glomeruli Similar 
difficulties have led many students to the conclusion that alterations of 
kidney function are independent of the nature of the anatomical changes 
in the kidney Fortunately for the clinician, the results of kidney function 
tests can be expressed in relation to the normal, without regard to the 
nature or the anatomical site of the condition which has produced the 
abnormality The average amount of urea excreted per minute by a 
normal individual with high urine volumes is equal to the urea contained 
in 75 cc of blood (1) If it is only equivalent to that contained in 20 cc 
of blood kidney function may be said to be reduced without any intimation 
whether this reduction is brought about by diminished blood flow decrease 
in the amount of renal tissue increased rcabsorption of urea by the tubules 
or diminished secretion But an attempt to discover the mechanism of 
'uch reductions in function is irresistible to one concerned with the study 
of kidney disease i 

Van Slyke and his collaborators (2), from a companson of " terminal ” 
urea clearance values and autopsy findings suggested that in hemorrhagic 
and degenerative Bright’s disease one may interpret the blood urea clear- 
ance as a measure of the proportion of glomerular tissue still functioning 
while in artenolar sclerosis it appeared proportional to the decrease in renal 
blood flow rather than to the glomerular destruction Addis (3) used 
the ratio (urea in 1 hour’s unne/blood urea concentration) (which under 
his conditions can be converted into maximum urea clearance by multiply- 
ing by 1 67) , as a measure of the extent of the renal lesion — “ the amount 
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little difference in the proportion of uninjected glomeruli Any kidney m 
which a visible infarct was produced was discarded, or cut out and weighed 
and allowance made for it It is assumed that the glomeruli are uniformly 
distributed throughout the suspension Thorough mixing before sampling 
is essential The variation in the counts of different aliquots is chiefly 
due to insufficient mixing From 3 to 20 aliquots uere counted, the 
standard deviation calculated and the estimate shown to be significant ac- 
cording to Fisher s (8) method of calculation ' It is further assumed 
that the numbers of glomeruli in the two kidneys of the same individual 
are equal within about 10 per cent This was shown for the rabbit by 
Hayman and Starr (9), for the human by Moore (10) 

Estimations of the number of glomeruli in the normal human kidney 
vary from S60 000 to 5,700,000 by different methods By injection of 
iron salts and acid digestion Vimtrup (11) found 833,992 to 1,233,360 
and Moore 800,000 to 1,000,000 with occasional values as low as 600 000 
and as high as 1,200,000 Our series includes 12 kidneys from persons 
without histological evidence of significant abnormalities in the glomeruli 
or blood vessels The counts ranged from 800,000 to 1 530,000 The 
mean was 1,156000 and the standard deviation 191266 This means 
that counts diffenng by more than twice the standard deviation, or below 
773,000, probably indicate a significant decrease in the number of glomeruli, 
while those differing by more than three times the standard deviation or 
below 582 000 certainly do 

Table 1 shows the companson of creatinine and urea clearance tests 
with the estimated number of glomeruli in one kidney of 34 persons We 
have followed Addis's classification of Bnght’s disease In arteriosclerotic 
Bnght’s disease, decrease m clearances was associated with progressive re- 
duction in the number of injected glomeruli There were only 2 patients 
with active hemorrhagic Bright’s disease and m one of these the estimate 
of the number of glomeruli is not significantly low The other showed 
about the same reduction in clearance tests and glomeruli as the sclerotic 
group Since in both chronic hemorrhagic Bright’s disease and arterio 
sclerotic Bnght's disease the patency of the renal vessels is reduced to 

*An example of the method of calculation Hospital number 149-512 
Weight of kidney before perfusion 163 grams after perfusion 254 grams 
Weight of pieces taken for histological section 2 grams After digestion 
diluted to 16 liters Counts on 2 cc aliquots 153 155 147 189 118 148, 
154, 96 117, 111 Mean 138 8 Standard deviation 27 From these data, ( 
calculated by the method of Fisher is 15 85 and the mean therefore sigmficanL 
Estimate of total from mean 1,110400 Correction for 2 grams taken for 
histological sections 8812 Corrected estimate of count 1 119212 In a count 
of 1 075 glomeruli from 3 blocks in sections so spaced that no glomerulus w as 
counted twice, 1052 contained injection mass 23 apparently patent glomeruli 
did not Correction for uninjected patent glomeruli 24 465 Final estimate of 
patent glomeruli 1 143 400 
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of renal tissue ^^hlch has been rendered fnnctionlcs'; In the dis^catjc procc<« " 
Me did not attempt to distinipnsh between actual decrease in mas*; of tissue 
present and decreased accomplishment of a nonnal kidticj mass Thus 
should the ratio be reduced, let us sa\ half normal, b) rcmo%al of one 
kidne> or b} poisoning both kidnc>s e\cn b\ a poison from which rc- 
co\er} could take place the two results would be considered the same — in 
each half the renal tissue had ceased to work 

Decrease in the creatinine clearance test has usuallj Iicen ascribed to 
decrease m tlie \olume of glomerular filtrate (4) Such a reduction could 
be due to decrease in blood flow, blood pressure or filtering surface On 
the other hand, if the tubule cells were so damaged that thej were unable 
to resist back diffusion of creatinine filtered tbrougb the glomeruli, or to 
secrete the constant fraction of the amount filtered as Shannon, folIifTc 
and Smith believe (5), there might be a reduction m creatinine clearance 
without any decrease m the amount of glomerular filtrate In such cir- 
cumstance, It seems difficult to relate the decrease directly to reduction 
in functioning mass of renal tissue 

In the hope of furthering a physiological interpretation of the creatinine 
and urea clearance tests, we ha\e estimated the number of glomeruli in one 
kidney of a number of patients whose clearances had been measured from 
one day to several months before death All of the patients had systolic 
blood pressures above 100 mm Hg and w ere w ithout c\ idcncc of congestive 
heart failure at the time the clearance tests were made When there was 
any doubt of the ability to empty the bladder, the patient was cathetenrtd 
at the beginning and end of the period of urine collection The tests were 
made m the manner described m the preceding paper (6) 

If there was any gross difference in the pathological condition of the 
two kidneys, the experiment was discarded The number of glomeruli 
was estimated by Kunkel’s (7) modification of Vimtrup’s method TIic 
kidney was perfused at 140 mm Hg pressure with a mixture of equal 
parts of 2 5 per cent potassium fcrrocy'anide and ferric ammonium citrate, 
after washing out the blood with 09 per cent NaQ It was then cut in 
pieces, digested in 50 per cent HQ for 10 to 36 hours, v ashed in tap v atcr, 
and allowed to stand m distilled water for 24 to 48 hours When ‘^nf- 
fiaently digested, it was diluted to a suitable \olume and thoroughly mixed 
The number of glomeruli in 2 cc aliquots v as then counted on a ruled 
V atch glass under a binocular microscope In the majority of instances, 
the completeness of injection has been checked by histological sections, and 
the estimated number of glomeruli corrected for the proportion of aji- 
pnrently patent but umnjected glomeruli 

The use of such an estimate of the number of glomcnili in\ oh cs scicral 
assumptions It is assumed that the proportion of umnjected glomeruli 
IS nearly the same throughout tlie kidney Counts of injected and iinin- 
icctcd glomeruli in blocks taken from different parts of the 1 idrcy slio ■ 
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little difference in the proportion of uninjected glomeruli Any kidney in 
which a visible infarct was produced was discarded, or cut out and weighed 
and allowance made for it It is assumed that the glomeruli are uniformly 
distributed throughout the suspension Thorough mixing before sampling 
IS essential The variation m the counts of different aliquots is chiefly 
due to insufficient mixing From 3 to 20 aliquots were counted the 
standard deviation calculated and the estimate shown to be significant ac- 
cording to Fisher s (8) method of calculation ' It is further assumed 
that the numbers of glomeruli in the two kidneys of the same individual 
are equal within about 10 per cent This was shown for the rabbit by 
Hayman and Starr (9), for the human by Moore (10) 

Estimations of the number of glomeruli in the normal human kidney 
vary from 360,000 to 5,700 000 by different methods By injection of 
iron salts and acid digestion Vimtrup (11) found 833,992 to 1,233,360, 
and Moore 800,000 to 1,000,000 with occasional values as low as 600,000 
and as high as 1,200 000 Our senes includes 12 kidneys from persons 
without histological evidence of significant abnormalities in the glomeruli 
or blood vessels The counts ranged from 800,000 to 1,530,000 The 
mean was 1,156,000 and the standard deviation 191,266 This means 
that counts differing by more than twice the standard deviation, or below 
773,000, probably indicate a significant decrease in the number of glomeruli, 
while those differing by more than three times the standard deviation, or 
below 582,000 certainly do 

Table I shows the comparison of creatinine and urea clearance tests 
with the estimated number of glomeruli in one kidney of 34 persons We 
have followed Addis’s classification of Bnght’s disease In artenosclerotic 
Bright’s disease, decrease in clearances was associated with progressive re- 
duction m the number of injected glomeruli There were only 2 patients 
with active hemorrhagic Bright’s disease and m one of these the estimate 
of the number of glomeruli is not significantly low The other showed 
about the same reduction m clearance tests and glomeruli as the sclerotic 
group Since in both chronic hemorrhagic Bright s disease and arteno- 
sclerotic Bright's disease the patency of the renal vessels is reduced to 

1 An example of the method of calculation Hospital number 149-512. 
Weight of kidney before perfusion 163 grams, after perfusion 254 grams 
Weight of pieces taken for histological section, 2 grams After digestion 
diluted to 16 liters Counts on 2 cc aliquots 153 155, 147 ICO ‘ 148, 

154 96 117, 111 Mean 1388 Standard deviation 
calculated bv the method of Fisher, is 15 85 and the 
Estimate of total from mean 1,110400 Correctio^S^B^iBum’ 
histological sections 8 812 Corrected estimate of i 

of 1,075 glomeruli from 3 blocks in sections so 
counted twice, 1 052 contained injection mass, 23 
did not Correction for uninjected patent glomeruli 2 hiM£ /uWW ■- 
patent glomeruli 1 143,400 
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about the same degree (12) and since not only is the final clinical picture 
often very similar but even the pathological distinction at times difficult, 
It seems that m both groups the reduction in clearances is probably due 
to reduction in number of glomeruli 

In patients with<bcute nephritis who show decreased clearance values 
with return toward normal during convalescence it seems reasonable to 
suppose that certain glomeruli have been rendered temporarily funcbonless 
by inflammation, but that the process has not gone on to destruction so 
that recovery can take place The one patient in the series with acute 
hemorrhagic nephritis had a very low clearance, but a normal number of 
glomeruli The injection method of estimating glomeruli does not, of 
cours,, distinguish behveen normal and abnormal glomeruli since any 
whose capillaries are suffiaently patent to be injected at the pressure used 
must be counted Sections of the other kidney from this patient showed 
degeneratl^e or inflammatory changes in nearly every glomendus 

Mo'ler, McIntosh and Van Slyke attribute decrease in the volume of 
blood cleared of urea per minute in pathological conditions to one of two 
causes either a decrease in the volume of blood passing through the kid- 
neys, or a decrease in the proportion of its urea removed during the pas- 
sage In cardiac decompensation, glomerular nephritis and arteriolar 
sclerosis diminished flow seems certain Whether a decrease in the pro- 
portion of urea removed from the bijjod also occurs they felt there was 
at present no basis to surmise Holten and Rehberg on the other hand 
believe from comparison of creatimne and urea excretion rates that the 
proportion of urea removed is quite variable, the variation being due to 
back diffusion of different amounts of urea from concentrated solution 
in the lumen of the tubule They believe that a certain amount of back 
diffusion takes place normally, anil that this may be increased by tubular 
damage The small group in Table I associated with general or urogenital 
infechon lends support to this conception, but would extend it to include 
back diffusion of creatinine as well at least in pathological conditions 
This group showed low clearances and yet a normal number of glomeruli 
which in histological section did not appear significantly abnormal 

While it IS of course possible that the volume of glomerular filtrate 
^may have been reduced in these cases it seems more probable that the 
cause of the low clearance values lies m toxic damage to tubule cells so 
that they are no longer able to resist back diffusion of urea or creatimne 
from the lumen of the tubule into the peritubular capillaries This is 
illustrated in the group of patients with pneumonia Cases 7 and 8 had 
normal concentrations of blood urea nitrogen and creatinine and normal 
clearances Case 9 had a normal blood creatimne and creatinine clearance, 
but an elevated blood urea nitrogen and a reduced urea clearance This 
we would interpret as indicating sufficient damage to tubules to permit 
an increase in the normal back diffusion of urea, but insufficient to allow 
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apprcaablc bicK diiTusiOii of the uomjaJh nioTc corjcctJt rated crcTtiriinc 
Cases 10 and 11 had increase of both urea nitrogen and creatinine, .and a 
reduction m both clearances, but a normal number of glomeruli .and ade- 
quate blood pressure Here it seems probable that tubule celK were sm- 
ficientl} damaged to permit back diffusion of both urea and cnatmnie 
We lia\c no cvplanation to offer for the presence of tins U]k. of damage 
m some pneumonia patients and not in others 

If this interpretation be correct its bearing on the significance of 
clearance tests is olnious Thc> nia> be used as a measure of the 
" amount ” of functioning renal tissue only in the absence of sepsis or 
toxic damage to tubules When these are present, clearance tests indicate 
the manner in which the kidnc) chminatcs the test suhstance, hut Iiow 
much of a reduced clearance is due to reduction in amount of functioning 
renal mass and how much to abnormal bchaMor of that mass it is impossible 
to say 

Additional eaidencc that variation in the proportion of urea removed 
from the blood occurs is indicated by the effect of drugs (Table II) After 


TABLr n 

Effect of drugs on crcaltrtre and urea clearance tests 
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the administration of pituitnn, the excretion of urea is diminished rc’a- 
U\el> more than that of creatinine, while after adrenalin and morphine 
It IS decreased less After caffeine, there is a greater increase in urea clear- 
ance than in creatinine clearance These experiments v ere all done in the 
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morning when MacKay (13) has shown that variations m clearances arc 
least riind intake ^\as constant the drugs gi\en hjpodermicall} five 
minutes before the end of the control hour While there is nothing in the 
simple companson of the two tests to indicate that it is the proportion of 
urea removed from the blood that aanes, rather than creatinine, the rcla- 
tnely constant rate of creatinine excretion independent of urine volume, 
and the -lariation in the rate of urea excretion witli urine ^oIume make it 
seem more probable that there is greater variation in the proportion of urea 
rcmo\ed than of creatinine If the creatinine clearance represents the aol- 
ume of glomerular filtrate, it must indicate that aariations in the \olume of 
filtrate are of less importance m determining the final aolume of unne than 
are differences m the volume of fluid reabsorbed by the tubules 

SUMMARY 

The results of creatinine and urea clearance tests of kidney function 
have been compared \vitli estimates of the number of glomeruli in one 
kadney after postmortem injection In arteriosclerotic Bright’s disease 
and probably in chronic hemorrhagic Bright’s disease reduction in clear 
ance tests is associated with decrease m the number of injected glouicniU 
In pneumonia and pyelonephritis, the clearances may be grcatl> reduced 
111 the presence of a normal number of glomeruli It is suggested that this 
may be due to back diffusion of the test substance through damaged tubule 
cells 

We are indebted to Dr Allan R klontz for the histological examination 
of the kidneys and for the differential counts of injected and unmjcctcd 
glomeruli 
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SERUM IREATMENT OF HEMOLYTIC STREPTOCOCCUS 
PNEUMONIA 
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(r ram the Diparlmcill of Alcdictne Duke Uni irsil\ Hoslulal and 
Medical Schnol Viirhain) 

(Rccei\ctl for publicition May 9 1933) 

During the sc\ enl mitbreil s of respintory disease ocnirrmg during 
the colder months of the leir the dnnee simultaneous occurrence of strep 
tococcus tonsillitis not infrequently results in hemolytic streptococcus lohii 
hr pneumonia Many of the cases of pneumonia seem to he secondary 
m the sense that the symptoms of an acute infectious disease such as 
mflueiiEa measles sinusitis etc. are present for a feu days before the 
onset of pneumonia, uhereas m a smaller number there occurs a sudden 
onset of lobular pneumonia usually with pleurisy without any evidence 
of a preceding infection The seriousness of both types of hemolytic 
streptococcus pneumonia with the high mortality and frequent occurrence 
of empyema is well known The accepted method of treatment is sup 
portive and symptomatic with surgical intervention whenever empyema 
occurs The only hope of successful treatment lies m the use of specific 
agents Since certain other streptococcal infections such as scarlet fever 
and erysipelas have apparentlv improved under the administration of spe- 
cific anttscrtim it is logical to apply these methods to the streptococcal 
pneumonias At least one difficulty comes to mind immediately viz the 
problem of preparing a serum of sufficient polyvalency to be generally ap 
phcable The pathogenic hemolytic streptococci vary greatly m their anti- 
genic values Even the strains isolated from cases of erysipelas and cel 
luhtis show considerable differences not only immunologically but m their 
termentative reactions' However these strains by their breadth of im 
munological reaction arc apparently interrelated and it has hcen found 
possible by means of the Lancefield precipitation test to select nine strains 
for the production of a polv valent scrum sufficiently broad to cover all the 
strains thus far recovered from cases of crvsipelas and cellulitis This 
assumption of coverage is based on the Lancefield (I) M factor precipitin 
reaction in monovalent rabbit sera jirepared against each of the nine 
strains on the neutralization of the toxallergin, on protection tests m mice 
md on clinical response in human cases 

* Unpublished cvperiineiits of Eleanor A Bliss 
It Ins not been found possible to obtain the precipitin reaction with scrum 
from iniinunized horses 
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fair number of white cells as wtW as albumin althouRli the latter fell to a faint 
trace before discharge 

She was discharged March 19 1930, sin weeks after admission 



•RTt^ IjU-— — £ 

Seru»— — Smsftoiu ' 


Chart I Case II 


Case II C C male aged twent) two jears was well until February 2 
1931 when he had a sudden attack of liigh fever headache weakness nausea 
and vomiting and was admitted to the infirnnrj Recoverv was uneventful and 
he was discharged on bebruarv 7tli He was extremel> weak and had severe 
night sweats but returned to school and work on Februarv 12th One week 
later he was readmitted to the infirmary with German measles and remained 
four davs He did not return to work until rebniarj 24th On the evening 
of February 28th there was a sudden onset of high fever accompanied b\ 
aching and he was readmitted to tlie inhnnary on March 1st For three davs 
the temperature varied from 37 to 40 a® C with two chills each dav On 
March 5th he was admitted to the hospital with signs of lobular pneumonia in 
the right upper lobe The sputum culture showed innumerable colonies of 
^liemolvtic streptococci The temperature fluctuated between 37 and 41® C 
On tlie sixth day after onset the patient had two chills seemed much worse and 
complained of severe pam m the right side of his chest In tlie afternoon 40 
cc of concentrated erjsipelas serum were injected intramuscularly and m the 
afternoon of the seventh dav 80 cc of the unconcentrated serum were given 
intravenouslv These doses were repeated on the eighth dav and the intravenous 
injection repeated again on the tenth dav when there were signs of extension (o 
the right lower lobe During the four days of serum treatment the immature 
polyanorphonuclears increased but decreased on the eleventh dav The fever 
became continuous instead of remittent On the twelfth day there were signs 
of pericarditis and on account of the extreme cyanosis the patient was placed 
in the oxygen tent for four days Fluid was detected in the right pleural cavitv 
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Ihe fir-t op]>nrUnm\ to \\^\^\^ tin- -Lrinn ni tin trc^^num ot -tnp 
tococcn- pncumnni.i cnmc iKtorc ntu nnnninoln^K il ti-t- uin <. \rriv<I 
out lUit ‘^uch coincukmh with trcttiiKiU wire l irru.l out -li..win<' 
tint tile pol\\il(.iu ''triiiii po-st -vt- Tiitilio'Iks tor tlu pirtmilir -truii 
in\ohc(l 

Ihc ]nir]io-L of tin- rciiort i- to record the (Ictutl- ot the tn itnunt oi 
eight ‘succccsne ca-c- ■* ot /i-hcnifiK lie -treptococen- jiiuinnonn dl m 
whom rccotcrcd 

Cou' I ID, fennic "uicd twent\ one \eir- wi- 'Kimitted 1 elirture If 
1930^ coinphinmir of chill- terer and swollen cer\ical Kin[>li node- oi niiu 
di\-' diirntinn Pa-t hi-tors Prequent ton-illiti- hetnre ton-illectonw IweUi 
\car- atto and a rather -e\ere -imisiti- one and a h ilt \eir- at;o 

Ihe illne— tor winch she wa- admitted heijin -inipK eiioUk,!! a- a -ore thro it 
atid head cold with rather marled swelhmt ot the Umph nodes ind liter lever 
For a week the temperature was normal everv mormm;, reacinnu s' nid 
40° C at nte;ht with profit-e sweat- and later witli pain over the nedit -ide ot 
the f ice On adnu-sion she ippcared moderatelv ill ind showed little teeept the 
red plnrviiN the tenderness over the ri"lit nn\illarv frontal snnis ind j^eneral 
moderate Ivinph node enlarijement Her temper itnre vv is 39 7° L , pitl-e HS, 
hlood pre-bure 130 svstolie and 80 diastolic, lier leiikocvtes were 171)00 vvitli 
54 per cent poUinorphomicle ir- The iiniie showed red and wlnte cell- nul 
2 allnimin 

•kt this time she was found to have an acute right in i\ill irv simisitis and i 
mild acute nephritis Dc-pite piiiictiirc of tlic uitriim four dtvs liter her tent 
pcritnrc cemtimicd to fluctuate widcU from 36 5° to 40 5° C in the cotir-e ot 
si\ hours The unite contained red cells md .albumin and the nonproteni mtrn 
gen ro-e to 48 nigm per cent ^-hcmolvtic streptococci were grov n from the 
antrum washing- On the tweiitv -second dav after on-et she developed sign- 
of pneumonia of the right upper lobe Cultures md mouse inocul ition ot tlie 
washed sputum siiovved predomin nice of /?-licnioIvtic streptococci which f)\ the 
Lancefield method viclded a specific -oluhlc swlixtance jirecipitated hv mono 
valent antiervsipcl is -erum She was given two intrivenuus injections ot inti 
crv-ipclas scrum first 2a cc and then aO cc rollovving tins tlie tenqier iliire 
lell to normal and the excretion of urine ro-t irom 560 cc jier dav ( uerigi 
tor seven dav-) to 2340 cc the following dav and continued it m avenge oi 
1460 cc per dav 

Her course was then uneventiul except tor two niodente att icks oi -< ntin 
sickiie-s She began to gam in v« eight ind strength Her red count and fie no 
gloliin began to return to normal Her smu-es cleared md siiovved no inrther 
streptococci on culture dthongh her pharvnx continued to harbor a dtcrc i-ing 
number of the-e organi-ms On the d iv ot disch irge a culture v is n'guive 
The onU ahnorm ilitv w i- in the urine Ihe 1 idnev rimction te-t- v trt 
uo''ma! hut there were continuou-lv present grcit mimhers oi red cell- md a 

“Polvvalent anti-trep'ococcu- heinolvticus -erum funconcentrated j md it 
coneenirated p'^o luct fervsiptla- antitoxin) prepared bv II K Mid'o-d f '/ ii 
p >nv u-irig nine -clectci'l -train- Intv’oca«e- -trejitococcii- mfitoa’in p"i/i iri d 
i)v the Xev ^ ork ^tate Dal)orato’‘\ a- u-ed in audition 

* \I)-tr'Ci ot the fir-t five ca-e- treated a- j.re- n’ed b- lo-t tlif v- if i uio ’ 
ol tmericaii Pin-’Cian- ii P>3! bv kino-- II 1 iV'-o i- I I ‘t'l H n ' i 
Pn-s O C 
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Chart III Case IV 


Case IV W W nnle Tged fifteen >ears Tbout jTiiuTrj 15 1931 e\ 
penencecl 'i soreness in his throit and the follo\Mng ihy was admitted to the 
mfirniarv \\here lie uas placed in the same room with se\cral patients ill with 
influenza About January 30th he had a chill and became \er} ill Signs of 
pneumonia over the entire right side of the chest appeared on Februarj 1st and 
he was transferred to the Medical Service By February 2 1931 the sputum 
contained pus and manv p hemolvtic streptococci The v ra> showed diffuse 
peribronchial reaction throughout the right lobes thickened pleura and a shadov/ 
obscuring the outer portion of the diaphragm The patient was irrational the 
temperature varied from 39 to 41 C and tlie blood pressure was 80 sjstohc 
and 40 diastolic Eighty cubic centimeters of ervsipelas antistreptococcus 
serum were given intravenousl> and the treatment repeated the following daj 
with 40 cc of the concentrated serum mtramuscularl> 1 he temperature which 
had fluctuated markedlv began to be coiitinuouslv high and gradinllv to recede 
Serum disease appeared on the seventh dav and tlie immature poKniorpho 
nuclears increased One hundred cc of fluid were withdrawn from the right 
pleural cavity on the tenth (la> but tidal irrigation was not begun until the tif 
teenth da> Cultures of fluid showed heavj growth of yjliemolitic strepto- 
cocci The Schilling count shifted to the right and there was a gradual and 
complete recoverj The patient was discharged well on April 4 1931 

Coses ttcafed h\ tntrafylmral injection of scrinn 
In three of the four cases alreada described cin])}ema developed re 
qiuring long drainage In the two cases to he described the serum was 
injected into the pleural cavitj with a twofold purpose (a) as a incclnmcal 
method of afTording relief from severe pleuns) and (b) to prevent if 
possible empjema In these cases Ific intravenous and intramu^aifar m 
jcctions were also given 
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on the «.u'hHcntli <h% One hur nt u w es uu itt-l md tn! il dr mn < ,i , 
ti’ted Ctiltiirc ot the ctnp\enn llnitl Oku cd !k iw inteetm i with //Ik mN!-. 
strejUococci On tlic nineteenth die the jntient e vjk etor ite.l ili .n! u ni 
ntnni nnti tlie eit,n^ ot jierie irdi d eliUMon di-- ipjn irtd v itlnn tv o d \% i )ii 
the tw elite -t/iurlli die tile roeiit^in rie ''liowed ’^it^ii'' oi e leiti'ioi in tiu ri K* 
upper lohe ind there wi-- eomimnnis evpecto- inim ot pii' whuh lontniiMl 
nnin epirodictc- nnd /MienioKtie etrifitocoeci \ittr luwtnr d driunei ml 
the intr.ucnoii' miection ot ne/nr-plKii nniiie tlie Intiu' ihwe-s ^ndiidlv !u dul 
-■nd tlie pUient trridiidle iniproeed He w i'. ih^cli ire'ed will on Siptuii!»r 
eO 1031 


lO f r. iS h h n ts d iO 'J it i* i^ £/ 5 ir h A' » 't 



Ccv<t t i-ce- 
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Cn \RT II C \SI HI 

CtJSi III 1 R imle atred si\tcen eeir-' w is idinilted J inu ire 27 I'Hl 
iroin the inlinnire on the tenth die of n ecre severe !iren};itis v itii t Invli 
tceer Tin! iinprodticiie t coiidi On llic tltetnlh die tliere were sif/ns ot con 

'oluhtion in the left loe er lohe On the fiitceiith die there were si^ris ot fluid 
'll the lett h I'-e "iiid ctilturc'. of the spntiini t iken on tins dntc sliov ed inininier Jdi 
/i-hcniuletic 'treptococci On the -ixtcenth dae there u is i ri-e ni tin initti i 
tore poleinorphonucle'ir cell' in the blood ind fluid cont iitiiii^^ 1 ir/e iiiiiiih'''' 
ot {Ills cells (culture (lositiee tor ^heinoletic 'treptococei ) v is renio'td iron 
the jileurnl cneite On tlie seienteeiith <I le the pitient bet irrie itiiuh i or ■ 

On this die SO cc of ere'ijielis niti-strciitococeus 'erum ere e'leen intr i 

venoiisle and the doe repe ited the lollowni^ die ind tidd /Ir.uii a< ot *1 
p'eur 1 cieue w i' beeun On tlie stieceedmtr si\ die- tiiere e ere pieen r 
n leeaoj - ot 40 cc e icli ot the concentr ited serum nitr unti-cul ml 1 h* n 
her ot naniture pole nnr]!hoiri*lenr cell- b 4 in to recede o’l tin t tiui' h d 

nd tne pitieiu beam to nnproee C<ine de-eeiiie " i' -lo , iii’ tin p toot ' > 

di-ch ’'e'Cil ' el! on 'I'll 15 1031 
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As evidence that the effect of the scrum is a result of specific action 
rather than a non specific provocation of reticuloendothelial cells (2) t\\o 
cases are described below in which the pleural fluid contained in addition 
to the p hemolvtic streptococcus a strain of pneumococcus Group IV 
After adequate doses of the serum streptococci were no longer present hut 
the pneumococci endured 

Case VI f A six year old colored female was admitted to the Pediatric 
Ward"^ on Januar\ 11 1933 on the seventh da> of lobular pneumonia and with 
signs of fluid m the left pleural caxity The temperature was 40 5'* C and 
white blood cells 20 500 per cubic millimeter Sputum yielded pure culture of 
ft hemolj'tic streptococci and the blood culture showed less than one colony per 
cc of the s ime strain Thoracentesis immediately after admission yielded a 
small quantity of sanguineous fluid which on culture, had a heav> growth of 
ft hemolvtic streptococci The patient grew progressively worse On Janii 
ary 15th and I6th 15 and 40 cc of fluid respectivelj were withdrawn and 
cultures were lieaMlv positive On January 17th following aspiration of 
30 cc of fluid 10 cc of erjsipehs antitoxin were instilled into the pleural 
ca\ity There was no reaction On Januar> 20 1933 40 cc of er\stpelas 
antitoxin were injected intrapleurally following aspiration of 280 cc of pleural 
exudate Culture of this aspirated fluid again yielded ft hemol>'tic streptococci 
Cultures of fluid remo\ed on January 25th and 27th were nee,ati\e for hemolvtic 
streptococci but gave a heavy growth of pneumococcus Group IV Before 
serum was gi%en the temperature reached daily peaks of 39^ to 40 6® C and 
the white blood count 25 000 Following the serum injections the white blood 
count dropped rapidly to 12 000 and the peaks of fe\er to 38 5® to 37 2® C 
After thoracenteses on January 2atU and Januap. 27th (\ielding Group IV 
pneumococci) the temperature again rose to 40 6® C 

Thoracotomy for the purpose of tidal irrigation was performed on Janii 
ary 30 1933 Pus obtained at operation ga\e a pure culture of pneumococcus 
Group IV 

Sputum culture now ga\e a mixed growth of pneumococcus Group IV 
staphylococcus aureus and ft hemolytic streptococci Blood cultures remained 
sterile 

Four days after operation the temperature fell to 37 6® C and remained nor 
mal until March 13tli when the drainage tube was remo\ed There was an 
immediate rise m temperature to 39 3 C and the child became quite ill again 
Drainage was re instituted and the temperature came to normal after six days 
At discharge March 24 1933 the thoracotoms wound had lie4iled and the 
child was discharged in excellent condition 

Case VllI Colored male aged four years brother of patient described un 
der Case VII admitted on January 11 1933 on the fifth day of lobular pneu 
monia of left lung with pleunss thickened pleura and earh empyema Tern 
periture 40 2 C white blood cells 11600 sputum Melded a heaw growth of 
y? lieniohtic streptococci and the blood culture showed less than one colon\ 
per cc of the same organism Thoracentesis on the da\ of admission yielded a 
small quantity of sanguineous fluid which on culture had a hea\y growth of 
ft hemolytic streptococci 

are grealh indebteil to Dr W C Dasison Professor of Pediatrics 
for permission to report Cases VII and VIII and to Dr Jean D Crasen Kesi 
dent in Pediatrics for the clinical obseiaalions on them 
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lii7\ 'lilt tciii}Hr->turt Ulciii'l ntminl 01 1 I'l-t irv I'.li u 1 lu n i' ,ti 
rcco\tr\ -tm iir '-t^crt ':trt ’ii Hu jMtuti* u il k 

cinrtjcd well on Mnrch 1 Uli 

( au 1 I \\ line nnli lixid torn -tiulit m ir^ iflinittid on I Hiru u\ 1 1'>>J 

V itli tilt <!ntrnn-ts ot ptriiiticnw intinii uut ''tiincntt toinUnu-d '•H' ro,)-, ni 
^IHinl cord He v trenttd with h\tr niid lixtr cvtrict uid v is di Hum 1 
iniprotcd on I'clinnrv Idtli 

lit coiuinutd to t ikt liter cxtrncl irrttnhrK ind wns itidnnttul 01 \o 
\tiiilitr IS 10X2 witli more .idt itictd '-pin d cord tliiiltt' iiid i iitiiroio u d 
Id iddtr 1 Ittrt Ind iieen nnh i niodtrue timmuilion in tht tr\ilirt>t\ti toiiu’ 
nnd htiiioctlolim 

On the eltttnlli d u alter tdtni'-sion hn tcinptr ituri ro't to XO' ( j^d tlu 
Itiikoctte count to 14 ■'(10 H\nintn ition dnclostd notlumr to utonnt tor tht 
ftter 1 lie irremil ir itttr risiiur to XS to XO X® C did\ umtiinitd ind on 
Dtccniher 7th tlit juticnt coinpl imtd ot "-ettrt pint in tlit riulit (1 ml- iiid don • 
the lower netht mtcrior cost d iinririn Kespintioiis wtrt Hi dlow md tlurt 
w IS diininishcd excursion on the neht 'lattile trtiuitus w is luodtntth iii 
creased irom the anstit of tlie scapula to tlit rutht hist fiie ptmissiou noti 
w IS shi^hth nnpairtd and i loud rouith friction ruh idiscurul tht hrt ith 
sounds On the followins: luonumr tlit lirtath sounds wtrt tuhul ir and tin 
friction ruh was still prC'Cnt The patient was acutcK ill and w is \tr\ im 
comfortahlt Culture ot tht sfiutum showed hcaw e:rowth ot licinohtit 
streptococci W ith the appearance of the fluid at tht ri},dit hast tht uidddi 
ruh disippcarctl hut tlie strtre pain cndurcil J he hlood ciilturt tikin on 
Dcccinher Sth showed one colont of /?-hunol\tic strtptocncei ptr cuhic ctnti 
tnttcr On Deccniher ‘^th from tht ncht pltur il cn\it\, 400 tc of thin hloixK 
tiuid were withdrawn which on culture Mtldcd a htaw ttrov th of /^htin'ditit 
streptococci Follow insr thoracentesis 85 cc of concentr ittd trisijiHis stripto 
coccus antitoxin diluted with S5 cc of plusiolo'-tic il s dine wtrt injtttul 
directh into the pltur d ci\it\ without uumtdiatt reaction 1 litre w is no 
increase in the pain 

On Decemher 10th 40 cc of the intitoxiu were u"cn intrainuscuIarK On 
Dcccinher 11th 500 cc ot idtural fluid were .i'-;ain witlidrawn iiid 40 tt ot 
concentr ited streptococcus intitoxm injected i he fluid vithdriwii t is no 
lontrer hIood\ and cultures rtiiiaiiicd sttrde I lit ittiknertt count ot 37(1(10 
on the <lar htlort injection of strum fell to 24 00() on the lollnwin.r d i\ md 
to 17 000 on the third di\ 1 -cc Chart V ) I lit ftitr vliicli diirintr the In edit 

ot the disc me ranted hetv een XS 5 md 40^ C no\ fluctii ited iutv ttii Xk md 
XSS" C Tht fiatienl looked md lelt much improttd dthouttli sieris of ton 
sidtrihlt jiltural tftU'ion rein iintd Hit irrtirular ftttr coiUiiuitd liio-atui 
tests on Decemher 17th and Z^^ih md lamiirN 13 lOXX Mcldtd ipi mtities 01 
fluid trnm 40 to 500 cc Ml were cuUurtd <iiid rtm iintd sterile 1 lit tunji' r i 
ttire e:r idinlK itll to norm d dnriu" tht tut wttl-s tullov imr s,^rimi uijietion 
rile patitiu V is discharged on I mu ir\ 26 l^XX hirin'^ httn itthril» lo"- t’ o 

V ttf s h’lt r nh tiidence 01 a sniall amount ot cncapsul ited fluid aloim the ruht 
1 'ttr d chtsi. \ ail 

Spicifu aciwii of the strut’ 

In Cast It is piis-dde that the tntraiiletiral instill, itioii of s/ rum p'l 
rented inttctu"i of tht ]dcur''I flunl 1 a s rt]itnc'KCi . nd in C i-f ih 
seri.m appartndr assisted v ithin leirirsti^dit ho'irs in the n tnor d of ti'* 
4-0 lI. alrfd C't di'ishtd 
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As evidence tint the effect of the scrum is -i result of speciffc action 
rather than a non specific provocation of reticuloendothelial cells (2) two 
cases are described belou m uhich the pleural fluid contained in addition 
to the )8-hemol\tic streptococcus a strain of pneumococcus Grouji IV 
After adequate doses of the serum streptococci were no longer present but 
the pneumococci endured 

Case VII A si\ >enr old colored female was admitted to the Pediatric 
Ward on January 11 1933 on the se\enth da\ of lobular pneumonia and with 
signs of fluid m the left pleural ca\iU The temperature was 405^ C and 
white blood cells 20 500 per cubic millimeter Sputum \ielded pure culture of 
hemol>tic streptococci and the blood culture showed less than one colon) per 
cc of the same strain Thoracentesis immediately after admission >ielded a 
small quantity of sanguineous fluid which on culture had a heav') growtli of 
/3 hemolytic streptococci The patient grew progressiveU wor-^e On Janu 
arv 15th and 16th, 15 and 40 cc of fluid respectuel) were withdrawn and 
cultures were hea\il) positive On Januar> 17th following aspiration of 
30 cc of fluid 10 cc of erjsipelas antitOMii were instilled into the pleural 
caait) There was no reaction On Januarj 20 1933 40 cc of erisipchs 
antitoxin were injected mtrapleurallv following aspiration of 2S0 cc of pleural 
exudate Culture of this aspirated fluid again >ielded /? hemoI>tic streptococci 
Cultures of fluid remo\ed on Januarj 2^th and 27th were negatne for lienioUtic 
streptococci but gave a lieaa'y growth of pneumococtus Group IV Before 
serum was given the temperature reached dail> peaks of 39 to 40 6 C and 
the white blood count 25 000 Following the serum iniectioiiH the white blood 
count dropped rapidlv to 12 000 and the peaks of lever to 3S S® to 37 2® C 
After thoracenteses on January 25th and January 27th (vitkling Group IV 
pneumococci) the temperature again rose to 40 6 C 

Thoracotomy for the purpo c of tidal irrigation was performed on Janu 
ary 30 1933 Pus obtained at operation gave a pure culture of pneumococcus 
Group IV 

Sputum culture now gave a nii\e«l growth of pneumococcus Group IV, 
staphylococcus aureus and heniolvtic trcpti cocci Blood cultures remained 
sterile 

Four days after operation the temper iture tell to 37 6® C and remained nor- 
mal until March 13th when the drannEe tube was removed Fherc was an 
immediate rise in temperature to 39 3 C and the child became quite ill again 
Drainage was re instituted and the temperaturt came to normal after six davs 
At discharge March 24 19j3 the thoracotomv wound had Iicilcd and the 
child was discharged m excellent condition 

Case VIII Colored male aged four vears brother of patient described un 
der VTT ndnottpd on Tanuarv 11 1933 on the hfth d iv of lobular pneu 
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Skin nciilralication tests ^ 

The streptallergin from four strains (Cases II to V) ga\e a positiie 
skin reaction in goats The addition of 0 1 cc of serum from a goat im- 
munized Mith the New York 5 scarlet strain of ^hemoUtic streptococcus 
prevented any reaction m the presence of 10 skin test doses of the strep- 
tallergins 


Protection tests’’ 

The virulence of four of the strains was increased by mouse passage 
until the minimum lethal dose became 0 5 cc of 10 ’ dilution 

The protection tests were made bj injecting intrapentoneallj 0 2 cc 
of the anti serum diluted to 0 5 cc with isotonic salt solution and siinul' 
taneously but separatelj 0 S cc of the dilution of the eighteen hour broth 
culture of the organism Three mice were used for each dilution and a 
virulence control and normal horse serum control were injected in each 
series 

The results of the protection tests were as follows 
Case I Not tested 

Case II Virulence 10 “ Mnlford s concentrated protected against 
10''' iincoiicentrated result inconsistent, New York State no protection 
Case III Virulence 10"“, Mulfords concentrated protected against 
lO"” unconcentrated result inconsistent New York State no protection 
Case IV Virulence 10'° Mtilford s concentrated protected 2 out of 
3 against ICh*, iincoiicentrated protected against 10" , New York State 
no protection 

Case V Control 2 out of 3 mice died after injection of 10 dilution 
plus normal horse serum Mtilford s concentrated streptococcus antito\in 
protected all mice against 10 ° New York State antistrcptococcus serum 
protected 2 mice out of 3 against 10" 

Cases VI, VII and VIII strains anii iilcnt for mice 
Protection tests with convalescent scrum from the patients ha\e not 
yet been made 


DISCUSSION 

The patients treated with serum were cnticall) ill With the high 
fe\er cherrj cjanosis hypotension distension and evidences of a rapidlj 
spreading lesion the prognosis was ver) grave In Case I the adininis 
tration of the serum was followed by a marked increase of uniiarj secre- 
tion and quick disappearance of fever with a dehnite improvement m the 


° These tests were made by Miss Ruth Wheeler of the New York State Lab 
oratory of Hygiene to wlioni we are greatlv indebted for her cooperation 
Method of Mr C Roos Glenolden Pa 
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mouse protection tests suggest a ration'll immunologic bisis for specific 
serum treatment 
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CYSTINE CONTENT OF FINGER NAILS IN PELLAGRA" 

Bv SHELDON A PAYNE AMD WILLIAM A PERLZWEIG 
(From the Department of Bwchenustry Duke Untverstty School of Mcdtcme and 
Hospital Durham) 

(Received for publication May 29 1933) 

An abnormality in sulfur metabolism m pellagra was first demonstrated 
by Camurn (1) and Myers and Fine (2) Indicanuna (3, 4), a decreased 
excretion of thiocyanate (5), and an increase in the excretion of absolute 
amounts of ethereal sulphates in the unne (2) of pellagnns have been ob 
served A reduction of sulfur in brain and spinal cord of five individuals 
succumbing with pellagra was reported by Koch and Voegtlin (6) The 
total amount and per cent cystine of rat hair decreases when these ammals 
are fed diets deficient in vitamin G (7, 8) 

It has been suggested (9) that the relatively high concentration of cys- 
tine in wool and hair is of physiologic importance in the protection of the 
organism against harmful effects of prolonged exposure to sunlight The 
protecting effect of cystine solutions to paramecia exposed to ultraviolet 
rays was demonstrated by Harris and Hoyt (10) and experiments of Ward 
(11) seem to indicate that although several ammo acids give marked general 
absorption bands, cystine is the only ammo acid that has any marked ab- 
sorption in the ultraviolet region of solar light The high concentration 
of cystine in epidermal tissues of higher forms of animal life (12 13) a 
content greater than that of any other tissue, suggests a possible specific 
protective function in this tissue In the hope that we might find more 
experimental evidence for the clinical observation (14 15) that skun lesions 
m pellagra indicate a light sensitive condition 40 cases of pellagra and 61 
subjects without evidence of pellagra have been studied Because of the 
technical difficulties in obtaining representative samples of skin we con- 
cluded that finger nails gave more uniform data from which to judge 
cystine content in epithelial tissue 

METHODS 

In reviewing the available data concerning the sulfur and cystine content of 
the common keratins one is impressed with tlie v\ ide variation of the results in 
the hands of different observers Much of the data is open to criticism in that 
no mention is made concerning the method of preliminary treatment and varia- 
tions in this may account for many of the discrepancies Our preliminary work 
showed that if nails are thoroughly cleaned and the technique of drying stand 
ardized there is little variation in cystine in nails from vwrious fingers of the 
same individual However in spite of an attempt to subject each sample of 

" This investigation avas aided in part by a grant from the Pellagra Fund 
donated by the Lederle Laboratories Inc 

44 899 
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of 9 7 to 11 7 per cent Sullivan and Hess (23), m 1932, reported cystine 
content of the finger nails of normal individuals to vary from 11 to 13 
per cent Since the early methods involved the isolation of cystine from 
a hydrolysate and determination of precipitated sulfate, one would expect 
higher values in a colorimetric method such as Sullivan’s 

In our analyses of finger nails from 36 healthy young adults, chiefly 
medical students and laboratory workers, Figure 1, A and Table I, cystine 



Fig 1 Histograms for Cystine and Total Nitrogen Content of the 
Finger Nails in Normal Subjects and in Patients with Pellagra Syph- 
ilis AND Tuberculosis 

Each square represents a single determination 
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nail pannc' to ctanfhrd co-KlttioT; ot clmiin:: and dnm:: u wt; realr^l t I't 
"^omc \arntion in the rate of loi'^ ot uatc" from different 'inplc'i inaMi ! 
able Therefore the total nitrogen content frcprc-cntinij p'-otein') and th- \ S 
ratio \ ere detennined in a further effort to niiininize the errors inhcrca* in .a 
senee of dctcrniinatione baced on the dra wcitrht of biolocrical material 

Finqcr nail parings were <;oaled in nater for 24 hour*;, cuticle and dirt re 
mo\cd In 'crao’ng and alter wadiing in running v ater dried in an oven to' 
2} hoiire at 90° C C\<tine waa determined b\ a mo<hrication of the Siillnati 
method (IGf Frona 30 to GO mgm clean dr\ finger nail pannga and 5 cc of 
20 per cent hjdrochlonc acid avere placed in a SO cc acctalation flaik v ith a 
ground gh^s fitted refliiN condcn'icr The flaik waa placed in a cold mmcral 
Oil hath and the hath brought to 120° C at which beating was continued fo- 12 
hours Idle Indrohsate was transferred to a 25 cc aoliimctnc flask and the 
acetalation flask rinsed with 5 cc of 0 1 N hydrochloric acid The hjdroUsatc 
was treated drop-wise with 20 per cent sodium Indroxidc until greenish to 
bromphcnol blue, i e , about pH 3 5 Dilution was made to 2a cc with addition 
of 0 1 N Indrochlonc acid Colorimetric estimation of cvstinc proceeded ac- 
cording to Sullivans method Color matching is facilitated bv the use of .i 
vellow light filter glass disc devised for the Folin and Malmros (1") micro 
incthoii for blood sugar determination - 

Total nitrogen of finger nails was determined by the Koch-McMcclm 
method (18) on the above hydrolysate 

Because of the slow and variable growth of the finger nail onlv eases with 
chronic disease have been considered and onlv stable conditions of at least tvo 
months duration have been included in the data Thirtv -three of the pcllagnm 
were negro patients at the State Hospital at Goldsboro, North Carolina,^ and 
were carefully followed for months Several had cxpcricnecd “recurrent" 
pellagra fo' vears and had been observed at the institution over long pcrIod^ 
of time All gave histones of faultv dietaries for months, and three mental 
cases were observed to develop syanptoms during sclf-inflictcd periods of stana- 
tion Treatment in all eases was chiefly dietary and follov cd the suggc^tlon 1 
of Goldbcrgcr et al (19, 20) High vitamin foods, especially mill and fresh 
meats, fruits, and vegetables, were given in abundance Since mans of the 
pellagrins were known to have svphilis on the basis of history of infection n- 
positiv e blood Was'crmann tests, data arc presented from a control group of 20 
eases with latent syphilis Also since emaciation is common among pellagrins 
five malnounsbed cases of pulmonarv tuberculosis are included 

Cysltnc coutcul of normal finger nails 
Onh a few values for the cystine or sulfur content of normal human 
finger nails are available The early work of Mulder (21), in 1847, shov cd 
human nail to contain 2 8 per cent sulfur corresponding to 10 5 per cent 
evstme Buchtab (13), in 1907, pooled the finger nails from 16 cada.crs 
and by a method which determined sulfur by sublimation, estimated cv=tin'' 
content to be 5 15 per cent Langccktr (22), in 1921 reported values for 
sulfur in finger nails from six patients v itb various diseases His valuei 
range from 2 59 to 3 12 per cent corresponding to estimated cv^tirie values 

- Manufactured b the Klc*t Manufacturing Company, Nei "V o’"! Cit^ 

' Tiie au'ror' •'re irdeb‘ed to the Superintendent V/ LinviIIc, ’ID •’fd h 5 
•n-fl io' the cppo"tunitv to study •'rd to ob'ain samples of firgc' nd 
t p3. C'^ts 
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TABLE II 

Cystine, total nitrogen and N S ratio tn finger nails of individual negro cases of severe 
■pellagra lotth extensile dermaMts before and after recovery 


Case 

num 

ber 

Sex 

1 

Age 

1 

Cystine 

1 

Total 

nltrogea 

1 

N S ratio* 

Clinical notes 



[ years 

per cent 

Per cent 



101 

F 

50 

7 04 

160 

8 51 

Extensive dermatitis Died 2 







weeks later 

107 

F 

60 

7 46 

15 8 

7 94 

Severe dermatitis Later 







recovered 

108 

F 

1 63 

8 55 

15 4 

6 76 

Severe dermatitis Died 4 







weeks later 

109 

F 

53 

7 52 

12 6 

6 27 

Extensive dermatitis 




11 80 

15 7 

4 98 

4 months after recovery 

111 

F 

32 

7 69 

13 8 

6 74 

Severe dermatitis Later re 







covered 

112 1 

F 

30 

7 50 

13 8 

6 90 

Extensive dermatitis 




10 90 

17 9 

7 43 

6 months after recovery 

113 

F 

29 

7 32 

13 1 

6 71 

Severe dermatitis 




8 22 

16 3 

7 41 

3 months after recovery 

114 

F 

40 

7 27 

12 6 

6 50 

Severe dermatitis 




10 83 

13 7 

4 74 

5 months after recovery 

115 

r 

45 

800 

15 4 

7 20 

Extensive dermatitis Died 9 







weeks later 

118 

M 

17 

7 09 

15 0 

7 98 

Severe dermatitis 

i 



10 72 

14 3 

500 

6 months after recovery 

119' 

M 

70 

14 49 

19 2 

4 95 

3 months before onset of symp 







toms 


1 


7 85 

14 5 

6 90 

Severe dermatitis 

120 

M 

32 

5 03 

15 1 

11 28 

Most severe dermatitis 




9 53 

17 8 

7 01 

4 months after slow improve 







ment 

127 

M 

27 

615 

18 1 

1101 

Very severe dermatitis Later 







recovered 

140 

M 

40 

7 24 

15 7 

814 

Severe dermatitis Later re 







covered 


14 cases severe dermatitis 


Minimum 

5 03 

12 6 

6 27 ■ 


Maximum 

8 55 

18 1 

11 27 


Average 

7 26 

US 

7 63 



5 cases following reco\ ery 


Minimum 

8 22 

■ IB 

4 74 


Maximum 

11 08 


7 43 


Average 

10 49 

III 

5 91 



* S calculated from cystme 
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Sw^r^^r . cf c\s'ire, tc'ci rttrcac cr A *>' ri 'lo tr r-i/t 



Ni.r' 
i''rr of 

1 

! 

i 

Cv« irt 

! 

! 

Tout rUtesri | 

X 

$ rav 

• 





Mm 

r'un 

Mixi ! 
nun i 

Axe 

aijc 

^[int 

nun 

M\xl 

nun 

Q 

Normal 

36 

in 

crrl 

S 77 

ftr 

(tn 

13 38 

1 

in 

10 97 

tn 

tent 

12 6 

in 

(fn* 

IS 7 

in 

inX 

15e 

tn 

(rnt 

4 61 ; 

in 

(tni 

<102 

9 

Pellagra 

Group I 

Sev ere vvath der- 
matitis 

14 

5 03 

8 55 

7 26 

126 

IS 1 

14 8 

6 27 

11 27 

7 63 

Group II 

Sev cre w ilhout der- 
matitis 

1 

1 

6 1 

1 

S93 1 

11 98 

1 

10 61 ' 

12 6 

IS 3 

16 2 

4 71 

6 17 

5 71 

Group III 

Healing 1 

10 

9 26 

11 93 

to 47 1 

13 5 

17 6 

15 5 

1 57 

6 16 

5 56 

Group IV j 

Cured 

21 

8 22 

15 42 

1 

11 32 

13 6 

19 8 

16 3 

4 53 

7 13 

5 40 

S>'philis 

20 ! 

8 20 

13 55 

10 64 ! 

14 1 

21 9 

16 9 

4 81 

7 11 

5 65 

Tuberculosis 

5 1 

1 

10 28 

13 64 

11 661 

! 

15 1 

18 8 

16 3 

4 63 

5 91 

5 23 


* S calculated from cjstinc 


vanes from 8 77 to 13 38 per cent with an average of 10 97 per cent and 
total nitrogen vanes from 12 6 to IS/ per cent with average of 158 [>cr 
cent The N S ratio averages 5 40 and remains relativelj constant with 
estremes of 4 61 and 5 92 The greater range of c>btine in our group 
compared to that of Sullivan, using csscntiallj the same method, inaj ])os- 
sibl) be explained on the basis of variation m selection of individuals for 
the " normal ” group 

Cyslirc cojitcjit of finger nails tn pellagra, sypluhs, and pulmonary 

tuberculosis 

The pellagrins arc arranged into four arbitrarj groups Group I, severe 
pellagra with extensive dermatitis, Group II, severe pellagra without 
dermatitis. Group III, pellagra during recovery . and Group IV, completd} 
healed pellagra An exfoliative dermatitis of the hands, arms, and feet 
and in most cases of the legs and thighs had been apparent m the 14 cases 
m Group I for at least tv o months All cases were c\trcmel> ill at the 
time of the determination and Cases 101, lOS, and 115 (see fable II) died 
with inanition soon after the observation A stomatitis was common to 
all and several had in addition diarrhea, psvchosis, or dementia In this 
group (see Figure 1, C and Table I) cvstine is grcatl> reduced averaging 
7 26 per cent The highest result, 8 55 per cent, falls IkIo.- the lo'cr 
limit of the normal range In Cases 120 and 127 (see Table I) m whici 
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lagra during which time the patient remained on an adequate diet containing 
an abundance of all vitamins Thirteen had recovered from severe pel- 
lagra with extensive dermatitis, four from severe pellagra of the gastro 
intestinal or central nervous system type in which dermatibs had been 
absent or played a minor role, and four from mild diarrhea and slight 
dermatitis In this group (see Figure 1 F and Table I) cystine varies 
from 8 22 to 15 42 per cent Two results, 1449 per cent and 15 42 per 
cent, he above the upper normal limit Total nitrogen vanes from 13 6 
to 19 8 per cent also showing a greater vanation than normal in the upper 
limit Both the average cystine and total nitrogen approximate the av- 
erage of the normal group 

The group of 20 luetics consists of patients treated for at least two 
months at the syphilis dispensary of the Duke Hospital, and although at 
the time the analyses were made, none had active lesions, all had a history 
of luetic infection and the blood Wassermann test had been four positive 
The group is representative of widely divergent dietaries as observed in 
mill hands, farmers, shopkeepers etc m the pellagra belt No definite 
deficiency could be ascribed to any diet although several of the patients 
avere obviously malnourished and many consumed large amounts of com 
and fat pork to the exclusion of fruits and other vegetables and meats 
Cystine varies more widely in this group (see Figure 1 and Table 1) than 
in the normal, 8 20 to 13 55 per cent, m three cases the result falling below 
the lower limit of normal and in one case above the upper limit However, 
the average for the group 10 64 per cent, approximates the normal average 
Total nitrogen tends to be increased varying from 14 1 to 21 9 per cent 
and averaging 16 9 per cent, thereby increasing tbe average N S ratio to 
5 95 

The 5 cases of pulmonary tuberculosis gave histones of loss of 20 to 
60 pounds of weight during the preceding months and were obviously 
malnounshed, judging by the severe emaciation Cystine and total ni- 
trogen tend to be above normal in these cases (see Figure 1, G and Table 
I), cystine ranging from 10 28 to 13 64 per cent and averaging 11 66 per 
cent and total nitrogen from 15 1 to 188 per cent and averaging 16 3 per 
cent Because of the concomitant rise of both cystine and total nitrogen 
the N S ratio values fall within normal limits 

DISCUSSION AND SUMMARY 

The foregoing results support the dpimon that there is an abnormalitv 
of sulfur metabolism m pellagra which is reflected m epithelial tissue and 
specifically related to the dermatitis of this disease A study of the data 
from 36 normals and 20 cases of syphilis shows no constant variation of 
cystine avith difference in sex race, or age Since cystine was reduced 
and N S ratio increased in the finger nails from all of the 14 cases of 
pellagra with severe dermatitis, whereas in all cases of pellagra without 
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dermatitis was most e\tcnst;c and severe, cv^tmc content is t!ie !o.\r^t, 
5 03 per cent and 6 lo per cent \ dctcrmnntion tiircc montJis Ii' lore 
the appearance of dermatitis and diarrhea m Case 11^ ('•ec I aide I) n 
of particular interest since at that time the cjstmc content was U U) jxr 
cent \t this time, Iiccausc of emaciation, tlic jnticnt was tiVnn; \ diet 
rich m Mtamms and calorics Later he refused fond .ind m three m mtli 
dceclopcd a sceerc dermatitis Sin months after tlie nrnjnial ohsereatioi 
c> Stine had decreased to 7 85 per cent, a reduction of 46 per cent In fne 
eases results were obtained following rccoecre (see Table II) Cjitine 
had returned to normal limits m all eases and at this time the a\trat:e 
C} Stine, 10 49 per cent, was but slightly below the average for the nomnl 
group Total nitrogen remained practicallj unchanged \arjing from 12 6 
to 18 1 per cent w ith an av crage of 14 8 per cent 1 he reduction m c) stint 
results in a relatn c increase in the N S ratio 

Group II, severe pellagra without dermatitis, consists of si\ eases four 
extremcl} emaciated, weak, demented individuals sufTcrmg from a per- 
sistent diarrhea of 15 to 25 stools a d.aj for at least the past two months, 
and two eases with vicious dementia and mild diarrhea, wcakiitss, and 
glossitis of sev’cn and of thirty months duration Althougli diarrliei was 
resistant to treatment, all eases recovered after a prolonged improved 
dietary regime Skin lesions were observed m only one ease and m this 
case the discoloration and fine desquamation over the feet were so grcatl) 
eclipsed b> the violent dementia and diarrhea that he is included m this 
group However, it is interesting to note that cjstinc in this ease, 8 93 
per cent, is the lowest value in the group All values for ejstme and total 
nitrogen (sec Figure 1, D and Table I) fall within normal limits, cjstinc 
ranging from 8 93 to 11 98 per cent, and total nitrogen from 12 6 to IS 3 
per cent The average N S ratio approximates that of the norma! grou[) 
Determinations after recover)’ in two cases show no striking change in 
C) Stine nor in total nitrogen 

Group III consists of 10 cases all of whom had been recovering for 
the past two or three months from mild dermatitis of the feet and hands, 
and stomatitis Intermittent diarrhea had been common and four ca=es 
had developed temporary ps)choscs At the time of anal)scs dermatitis 
had disappeared and all v' ere much improved C)stinc varied from 9 26 
to II 93 per cent, averaging 10 47 per cent, and total nitrogen 13 5 to 176 
per cent with an average of 15 5 per cent, all v ithin normal limits (<-'t 
Figure 1, £ and Table I) The X S ratio averaged 5 56 v ith e’^trcni’ 
of 4 57 and 616 Results from three cases folio • ing complete reco.erj 
showed no change e>cept in one case in which c)Stinc increasc<l from 9 37 
per cent to 22£5 per cent, tot’’! nitrogen from 15 4 }>cr cent to 169 y ^ 
rent and the X S ratio from 6 16 to 5 16 

There are 21 eases of hc’Icd pellagra in Group IV In this pro .p 
analvses were made 3 to 6 months after disnpixiarancc of nil ’^um- of pi 
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lagra during which hme the patient remained on an adequate diet containing 
an abundance of all vitamins Thirteen had recovered from severe pel- 
lagra with extensive dermatitis, four from severe pellagra of the gastro- 
intesbnal or central nervous system type in which dermatitis had been 
absent or played a minor role, and four from mild diarrhea and slight 
dermatitis In this group (see Figure 1 F and Table I) cystine vanes 
from 8 22 to 15 42 per cent Two results 14 49 per cent and 15 42 per 
cent, he above the upper normal limit Total nitrogen varies from 13 6 
to 19 8 per cent also showing a greater variation than normal in the upper 
limit Both the average cystine and total nitrogen approximate the av- 
erage of the normal group 

The group of 20 luetics consists of patients treated for at least two 
months at the syphilis dispensary of the Duke Hospital, and although at 
the time the analyses were made none had active lesions, all had a history 
of luetic infection and the blood Wassermann test had been four positue 
The group is representative of widely divergent dietaries as observed in 
mill-hands, farmers, shopkeepers, etc in the pellagra belt No definite 
deficiency could be ascnbed to any diet although several of the patients 
were obviously malnourished and many consumed large amounts of com 
and fat pork to the exclusion of fruits and other vegetables and meats 
Cystine varies more widely in this group (see Figure 1 and Table 1) than 
in the normal, 8 20 to 13 55 per cent m three cases the result falling below 
the lower limit of normal and m one case above the upper limit However, 
the average for the group 10 64 per cent approximates the normal average 
Total nitrogen tends to be increased varying from 14 1 to 21 9 per cent 
and averaging 169 per cent, thereby increasing the average N S ratio to 
5 95 

The 5 cases of pulmonary tuberculosis gave histones of loss of 20 to 
60 pounds of weight dunng the preceding months and were obviously 
malnourished judging by the severe emanation Cystine and total ni- 
trogen tend to be above normal m these cases (see Figure 1, G and Table 
I) cystine ranging from 10 28 to 13 64 per cent and averaging 11 66 per 
cent, and total nitrogen from 15 1 to 188 per cent and averaging 16 3 per 
cent Because of the concomitant rise of both lystine and total nitrogen 
the N S ratio values fall v\ ithin normal limits 

DISCUSSION AND SUMMARY 

The foregoing results support the dpinion that there is an abnormahtv 
of sulfur metabolism m pellagra which is reflected in epithelial tissue and 
specifically related to the dermatitis of this disease A study of the data 
from 36 normals and 20 cases of syphilis shows no constant variation of 
cystine with difference in sex race, or age Since cjstine was reduced 
and N S ratio increased m the finger nails from all of the 14 cases of 
pellagra with severe dermatitis, whereas m all cases of pellagra without 
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dermatitis ostine and total nitrogen remained aonroMimtcK nornn’ i; 
IS reasonable to assume tint the reduction of CN^^tinc in TincLr mil is cln cU 
related to the pathological changes m the cpidcmnl tissue ■> in pclhi^n 
This uould seem to indicate that a lack ot cjstiiic or deficient iitilnation 
of this ammo acid becomes manifest in the skin lesions of pellagra On 
the other hand, such a clcficicnca of cestinc cannot he held resjvaiisih’c for 
the entire sjinptom complex of pellagra, since case- of pellagra witlmvt 
dermatitis in whom there is no dimimition of cvstinc in the epide'rnnl 
tissue, as indicated bj our data, arc common 

Goldbcrgcr and Tanner (24) at one time advanced the thcorv of a 
deficiency of amino acids as the probable cause of pellagra and suggested 
that a deficiency in the supply or utilization of the amino acid, cystine, 
resulted in pellagra Support for this theory m cNplaining the skm lesions 
of pellagra is given by' the work of Harris and of Ward previously cited 
and by our data Rough estimations of cystine in the dictarv of our pa- 
tients who developed pellagra failed to show a deficiency in the siijijilv 
of cy'stine although a vitamin deficiency was probable The high cystine 
values m the finger nails in the group following dietary treatment niav 
indicate greater cystine utilization influenced by adequate vitamin consump- 
tion However, as pointed out by Smith (25), the foods used in the 
treatment of pellagra contain large amounts of cystine and the increased 
concentration in healed eases may be due to increased intake of this ammo 
aad />cr sc, especially’ since Beadles ct al (26) have demonstrated that 
the rat’s coat of hair becomes heavier when the diet is supplemented with 


cy stine 

Injections of thiosulfate have been advocated and extensively used 
with apparent benefit m the treatment of pellagra Sabry (27) reports 
that the skm lesions of pellagra disappear after a few injections, and tint 
there is marked improvement of diarrhea and of the central nervous system 
manifestations of this disease after a short course of treatment, consi-tin!’ 
of daily intravenous 10 cc injections of 10 per cent solution of medium 
thiosulfate Although Goldbcrgcr ct al (19, 20) have demonstrated tint 
pellagra may be prevented and cured by supplying the pellagra-preventing 
factor (v’ltamm G) in the diet of the pellagrin, and although the thiosulfate 
treatment is usually combined with an improved dietary regime, in viev 
of the demonstrated alteration in sulfur metabolism, it is likely that thio- 
sulfate is of some benefit to the pcllagnn and that some of the rapid im- 


provements observed may be due to this factor directly 

Although we cannot conclude that because of a reduction of cystine in 
finger nail^ there must be a reduction of cystine in the 4 in and thertioTf 
an increased sensitiveness to light, it is reasonThle to suspect that a reduc- 
tion of nail cystine is accompanied by a reduction of sfin cystine 
contemplate further cxpcnmental v or! to determine the impor,''ncc of tniv 
change m sulfur metabolism and its relation to solar radiation m peihgra 
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CONCLUSIONS 

1 The cystme content of finger nails Mas determined in 36 normal 
subjects m 40 cases of various forms and stages of pellagra and in 25 
cases of s^phllls and tuberculosis 

2 In 14 cases of pellagra with extensi\e dermatitis there Mas a marked 
reduction in the cystme content without any appreciable change m the total 
protein content of the finger nails With the subsidence of skin svmptoms 
and improvement in the clinical condition the cystine content returned to 
normal limits 

3 In seiere pellagrins Mithout dermatitis (involvement chiefly of the 
gastro intestinal or central nervous systems) and m partiall} or completely 
cured cases of pellagra there were no marked changes in the c)stine content 
of the finger nails 

4 Values for cjstine content ot the finger nails from a group of sj'tihi- 
htics and from a group of tuberculous patients m ere found to approximate 
the normal range regardless of the nutritional state of the patient 
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Since the original description ol Plaiit-Vincent s angina some fifty jears 
ago a loluminotis literature on this subject has accumulated It is not 
the purpose of this paper to review the literature in any detail as this has 
been done elsewhere (1,2) However it may be stated briefly that the 
disease was described in 1S83 by Miller (18) in 1894 by Plant (3) and 
m 189C bv Vincent (4) as manifested by sore and bleeding gums foul 
breath and in severe cases by eventual ulceration of the mouth Thev 
described the causative micro organisms as a spirochete and a fusiform 
bacillus Since then these organisms have been found associated with 
pathological lesions m practically every part of the body but especiallv 
111 the upper digestive system the lungs and the genitalia 

Upon the isolation of the etiological agents the question was immedi 
ately raised as to whether they were separate entities or different foniis 
of the same micro organism Weaver and Tunichff (5) succeeded early 
in cultivating the fusiform bacillus from a patient with \ iiicent s angina 
and on the basis of further work Tunicliff (6) has stated that she believes 
the spirochete and bacillus are the same organism in different stages of a 
definite life cycle Some workers (7) have supported her but others 
(8) and in particular Pratt (9) have come to the conclusion that these 
are tw o distinct micro organisms 

The early literature stressed the infectious nature of the disease hut 
more recent observations indicate that the causative organisms are found 
111 the normal mouth rather constantly and that the inception of infection 
depends on the presence of certain predisposing factors Pratt found 
fusiform bacilli in 100 per cent of the two hundred jieople routinely e\- 
ainnied at a large hospital She also found the fusiform bacillus constantly 
and the spirochete occasionally in normal monkey s guinea pigs and rabbits 
Other vv orkers hav e reported analogous findings in these and other animals 
(2) Thus It would seem that the fusiform bacillus at least is present in 
the healthy mouth and is not m itself pathogenic This is home out by 
oiir work Of forty dogs examined thirty eight showed the baallus and 
m those with poor teeth, spirochetes were usually present in the teeth 
pockets ’ 

’ Vincent s angina is a recognized disease of die dog s nioutli 
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M'lin ittcinjv’- Iu\c htt.i nnm. tt) n.{>vi''U (.«. tin. lU'; i-(. i nt ilK f i 
l‘<2o K'mi ( 10) ji'imIi ^(<1 m tiu tr mm iti td -^ro ti m > i u- \ p li\ 

iiiitctimr inc iilir nc- trtni c\m^ <it \ nacnt - umiiu ’^oiuvlut hti-- '■ 

(11) '■ucLiKkd 111 jinvIiKinp -imihr i1>-l{ in (lii n itr mni Ot i,! . mm i pi 
P'rom 1)\ iiiicctioii ot nnttrnl (rt-lih nlit niitii trnm !ui ii in i i i- Ih m n i t 
jtcJtd iiitn the Itinc:' ot r dibits jnm iron tlitsi e\|icritiiiiii il iliMtss s 
shiiv L(! spiroclitU' md tiisitorm liKilh m .iddition to odiLr murno-i mis i 
Ot ten riliints mteeted to ir dteeloped lun^ dis(.(.sv(.s tlirec pnurem t\ 
jnicnmonn iitd one iiroiicliiett mm rrom cirtiin ot tlicsc ksimis Ik mo! i*i ! 
sj.irochctc' tnd tnsnorin Ii teilii K md di (12) injeited stripums iron tli 
tjums 01 jnticnts suiitrin^' trom \ menu s umtnv into ulnte r Us md \\ non r 
rl>) into kittens witliont sutcess Both worKrs nstd .mmnls ltd oi n di i 
ctenc\ diet ns well ns nornn! ones Wncrciier (H) trmmiti'ed t!ie i in m 
sc\ere!\ in some instances md unde deep irtdici d [loekefs mto uliitlt s'u 
miected titc nintcn d lint the wounds he tied uid no tiisitorin hiedli or spiro 
chetes could he recoeered Liclueniieri: Werner and 1 neek ( 11 ) wen ninlili 
to produee lesions in etmiie i ]n(t' lie tlie injection ot juire cultures ot lUsitoriii 
hicilh into trnunintmcd tissues hut did find spiroelutes nnd lusiiorm lucilli nt 
llic meiiihr iiies which tornicd oeer nkers iiidiictd hs injtin ot tlie month ni 
iiornnl tinmen picts 

While the ihott dnta indicntc tint c\periineitt.nl lesions of the eroin 
niitl hintphnte licen iiidiictd b\ tlie inijilantntion of spiroehetes uid tiisitonn 
Ine'tih the reprodiictioii in aiininis of the ehnical s\jnp(nnis of \nu<iits 
anttina Ins not been successful 

In the sjiruuj of I'^W one of the ntithors (Is) ohstrnd tint a 
nt the doit'' which he had been injectintp d iil\ with one of the s(|ntl! pduco 
sides inmeh, scdl iren P. de\clope(l a pecnli ir niouth eondition siinil ir 
to tint loitiid in Plaut-\ ineent s dne ne Sine irs from the mouths ot the e 
duets showed the Ujnc.il fusiform Incilh and spirochetes m 1 irf^e mimhirs 
1 his ohscrtatioii siiuttcsted a jxissdik method tor the evpenment il pro 
diiction ot \ lucent s anetnn 
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nnl wns injected daily intr'i\eiiouslj The dogs injected with scilhreii B were 
not run in i. single scries but one or two it i time siinultineousl> with other 
inimals receuing different squill glucosides A total of fort> eight dogs were 
used Each drug was tested on eight dogs Conditions of care, Ingiene and 
t>pe of food were identical for ill the dogs 

The dogs used m the present experiments were selecte<l pnmirilj for their 
good teeth and gums the) were all luelv and m excellent condition For the 
else of handling the small terrier tjpe was chosen Temperature and pulse 
were taken twice daiK weight and (in the case of fi\e dogs') a white count 
once a di\ Detailed records b) means of sketches and notes were made dailv 
of the teeth gums ami mouth of each animal At the same time smears were 
taken from each side of the mouth the incisors and anv suspicious pockets 
The smears were stained bv Tumchff s method^ All the animals were kept 
under excellent conditions and were well fed The food given contained ade 
quite amounts of the various vitamins 

A saline solution of tlie drug was injected daih into the antebrachial vein of 
the dogs foreleg About 0 30 of the lethal dose was given for the first three 
da)S and subsequent!) 0 25 of the lethal dose until death (The lethal dose 
as measured b) the Hatcher Brod) cat method is 0 1 mgm per kilo of bod\ 
weight ) Photographs were taken of the dogs mouths before the injection of 
the drug was begun m various stages of the disease and in two cases five 
minutes after death 

Autopsies were performed immedi itelv after death Particular attention 
was paid to the mouth esophagus stomach trachea lungs heart and kulnevs 
Tissues from ulcerating areas as well as normal and onl> slightl) affected re 
gions v\ere excised and sectioned These tissues were usuallv fixed in Zenker s 
acetic (in the case of the siher methocls for spirochetes 10 per cent neutral 
formalin was also used) The sections were for the most part stained with 
Giemsas stain prepared bv Gntbler as this was found to stain both the spiro 
chetes and fusiform bacilli distmctlv and also to give the bei>t histological pic 
ture Levadtli s silver method for spirochetes was also of value 

During the course of the disease in the animals numerous cultures from the 
mouth were made 


EXPERIMENT \L 

In the present studv eleven dogs six males and five females were m 
jeeted with scillaren B All of them developed the characteristic lesions 
and bacteriological findings of Vincents angina In three dogs (4 5 and 
8 Table I) the lesions were minimal consisting of redness and sensitive 
ness of the gums with some bleeding discoloration of the teeth and the 
presence of numerous fusiform bacilli and some spirochetes Two of these 
three animals 5 and 8 both of them very young clogs, died of an acute 
respiratory infection at this stage Dogs 1 3 10 and 1 1 exhibited a w ell 
marked clinical picture of the disease with one or two ulcerations Dogs 
2 6 7 and 9 developed a severe form of the infection In all tlie'^c eight 

®The stain made up of 90 cc of a saturated 95 per cent alcobolic solution of 
Grubler s gentian violet idde<l to 10 cc ot 5 per cent phenol was poured over the 
dried sniear«? and steamed for hve minutes The slide;, \icre tlien wadied with 
tap water blotted with filter paper and examined under oil 

* Not fuso spirochet il as far as could be determined 
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Tnimals the molars hecime bhck and the canines i verj dirk hro\in Ul- 
ceration of vinous parts of the cheeks and tongue occurred These ulcers 
were usually one to two centimeters in dnmeter Sevcril were consider- 
ably larger There was much bleeding from the lesions 

As the disease progressed m a similar fashion m all the dogs a general 
description may he made During the first two dajs the dogs were ap 
parently normal hut after the injection on the third day, they all vomited 
profusely and were somewhat depressed By this time smears from the 
mouth usually showed a decided increase m the numher of small, short 
fusiform bacilli Bj the fourth or fifth day \oiiiituig was acute and very 
little food was eaten The teeth generally the posterior molars and 
canines were somewhat discolored the gum margins showed a narrow 
hue of inflammation and the smears from these regions contained quanti- 
ties of short fusifonn bacilli and a sprinkling of spirochetes By the sixth 
da\ the dogs were no longer Inely or responsne although the vomiting 
was not as acute The gums were markedly inflamed and bleeding, the 
teeth darker, and the smears showed larger and more tjpical cigar shaped 
bacilli and also spirochetes From the seventh to the fourteenth day the 
teeth became progressively darker until all hut the incisors were a dark 
brown the gums hied profusely and were very friable and ulcers formed 
on the gums cheek and tongue (Fig 1) The smears showed large typ- 
ical fusiform bacilli and spirochetes Quantities of the latter were found 
wherever there was a bleeding and necrotic pocket 

During the injections the dogs lost a great deal of weight in some cases 
almost half the original hod) weight There was no fever hut rather a 
drop in temperature during the last few days of the disease 

The white blood cell counts made on the first three dogs showed a 
decided increase at first hut one or two days before death the leiikocites 
dropped considerahlv though not always below what might he considered 
normal In Dog 4 the white count did not go down hut remained at a 
rather high level This animal exhibited the mildest lesions m the senes 
Dog 5 which died of a concurrent respiratory infection showed a rise in 
the white blood cells to 20 000 Howerer the leukocytosis ajiparently 
did not hinder the development of the Vincent’s angina 

The animals died on an average about the fourteenth day m ventnailar 
fibrillation However one dog died as early as the seventh da) and 
another (Dog 4) did not succumb to twenty eight injections Most of 
tlie dogs were injected until they succumbed from the cumulative effects 
of the drug In two animals the drug was discontinued as shown in 
Table I (Dogs 4 and 9) Dog 9 recovered from a severe attack of the 
experimental disease and two months later when a smear from the mouth 
showed onlv the few fusiform bacilli usuallj found m normal do,^s he 
was again injected and develojicd a pronounced Vincent s angina as before 
After a second recovery and a three months interval a third attack was 
induced The second and third attacks were not as severe as the first 
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used for other e-Npenmental purposes^ Dogs 5 nnd 8, the two Tnirmls 
thTt died of T respirTtory infection hnd i final tempertturc of 104 and 
105° r respectuelv Howerer cirK in the course of the disease their 
teniperitures w ere normal 

As shown in the table the average pulse rate for three dajs before in 
jection was about 112 After the injection of the drug an initial progres 
sive slowing of the heart occurred Electrocardiograms taken at the time 
when the rate was slowest showed the heart to be in a coidition of partial 
to complete block Apparently the drug in tins phase of its action pro 
gresbivelv lengthened the conduction time until there was complete dis 
sociation between aniicular and ventricular contractions The day on 
which the pulse was slowest generally occurred about the middle of the 
injection period Later as more toNic amounts of the drug accumulated 
the heart rate increased ApparentH the ventricular musculature itself 
was stimulated Ectopic foci aiijieared at various points m the ventricle, 
producing irregular QRS-T comjileNes of high potential and bizarre shapes 
Before death the heart rate was nsnatlv too rapid to be counted 

4ltLmplcd transmission 

Several control animals were kept in the room with the injected dogs 
and although the) were allowed to eat out of the same pan as dogs with 
well advanced cases of Vincent s angina the) did not contract the disease 
Swabs were then taken from the necrotic jiockcts in the gums of Dogs 6 
and 7 and pushed into the gum margins of the control animals without ati) 
aiiparent effect save that in one dog, whose physical condition was some- 
what poorer than the others there was some transient local redness and 
tcndeniess of the gums 

Patliologv 

At antops) lesions were found onl) m the mouth All the internal 
organs appeired normal \n eNtrcmelv foul odor came from the mouth 
when it was opened The teeth were badlv discolored the canines and 
molars being the most affected Aecrotic pockets filled with spirochetes 
were usually present at the base of these discolored teeth In onl) one 
animal (Dog 3) were the incisors affected In this instance the molars 
w ere less inv oK ed than the incisors and the single ulcer present w as at the 
base of the lower incisors In Dogs 2 6 7 and 9 there were extensive 
cheek ulcers on both sides of the mouth The first three of these dogs 
also had from one to five ulcers on the tongue one to two centimeters long 
and one half to one centimeter wide The largest ulcers were those on the 
cheek of Dog 7 where the whole right side of the month was involved 
All the ulcers although irregular m shape had well defined margins and 

’ Tins dog was subsequent!) lound to be unusuallv resistant to infection with 
pneiiniococci and streptococci 
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Vincent s mgina smear (Tig 3) could be obtimed at the end of the first 
tveek of injection and at anj subsequent time In this micropbotograpb the 
spore like character of the fusiform bacilli mat be seen Dong filaments 
of fusiform bacilli were not uncommonb oliserved (Tig 4) In some 
cases they resembled the filamentous forms seen in the cultures and sec 
tions The smears at tins time showed practicalh no other organisms than 
the fusifonn bacilli and spirochetes 

A studs of a number of human cases of Vincent s angina gate analo 
gotis findings They showed all the sanations of the fusiform bacilli that 
were present in the dogs mouths Likewise in the human cases the spiro 
chetes were found in the teeth pockets or deep m the necrotic tissue such 
as occurred in tonsillar crvpts 
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Cultures were taken from the dogs mouths when the smears showed 
maiiv spirochetes and fusiform hncilh A number ot cultures were also 
made from the pockets about the teeth ulcers and regions where the smears 
showed a predominance of one micro organism or the other Most of the 
cultures were made with material from Dog 9 

Various culture media were used The fusiform bacilli grew fairU 
well on rabbits blood agar (one part of the blood to three parts of beef 
infusion agar pH 7 4 to 7 6) hut not nearlj as readily as on ascitic agai 
(one part of ascitic fluid to three parts of a beef infusion agar pH 7 4 to 
7 6 ) Ascitic agar and a beef inltision — ascitic broth (three parts of one 
per cent dextrose beef infusion broth to one part ascitic fluid, pH 7 4 to 
7 6) were our most satisfactory media With Loefller s mediuni recoin 
mended by Tumchff, we were less successful We also used Noguchis 
leptospira medium (17) in an attempt to grow the spirochetes 

All the cultures w ere grow n anaerobically Although w c tried anaero 
bic plates as well as anaerobic jars m which the air had been eiacuated and 
replaced with CO or nitrogen we found that Wrights anaerobic method 
besides being the simplest was also the best for our purpose Test tubes 
were stoppered by cotton saturated with a file per cent NaOH solution 
A small amount of pvrogallic acid was placed on top of this and the tube 
corked and sealed with paraffin Incubating temperature was 17° C 
We were able to isolate colonies of the fusiform bacilli quite readily 
after forty eight hours incubation They were minute and while not abso- 
lutely transparent, they seemed so when contrasted with the ojiaque colonics 
of coca yyhich formed the bulk of the groyytli Single colonies yyere trans 
f erred to ascitic agar slants and yvere maintained in pure culture without 
difficulty Transplants to fresh media yy ere made ey ery three day s for tyy o 
yveeks and subsequently eiery tyyo yvecks for three months After some 
months the bacillary forms became more or less degenerate although a slant 
examined eleven months subsequent to the initial culture still contained 
some recognizable fusiform bacilli At no time yyere yyc able to cultuaitc 
the spirochetes- — even yvhen the inoculum yvas obtained from pockets shoyy- 
mg practically a pure growth of spirochetes nor did yve find sjnrochetes at 
any time m our cultures of fusiform bacilli Subcultures of fusiform 
bacilli in leptospira medium yielded only fusiform bacilli 

The fusiform bacilli in the pure cultures were small at first but grew 
rapidly to the usual size and subsequently into tiic long filamentous forms 
yvhich at times stretched completely across the microscopic field They 
yvere also often wayy and to the casual ohserycr might be taken for spiro 
chetes They were howeyer iinich larger than the Vincent s sjnroclicte 
and under dark field cxaiiiination were seen to be non motile 

As a rule once the fusiform bacilli bad attained the filamentous stage 
they showed no further change Occasionally small fusiform bacilli ap 
jieared m cultures m which only filamentous forms had been ohseryed for 
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tint the injection of scilhrtn B disturbs metabolic jirocesses m such i man 
ner as to lower the resistance of the buccal mucous membrane to the spiro 
chetes and fusiform bacilli iiormallv present ‘Whether tins deleterious 
effect of the dnig is prmcipallj a generalized or a local one we do not know 
■W^liile It IS true that the animals all showed marked gastro intestinal dis- 
turbances and an associated loss m weight these same tffccts were produced 
to an equal degree bj the other squill dcmativcs emplojcd but without the 
subsequent development of fusospirochetal mouth lesions except in one 
instance Thus it would seem that either the general effect of srillaren B 
IS of a peculiar nature or that it produces a characteristic local disturbance 
not shown bv the five other closeK related comjinunds The excretion of 
the drug locallj in the mouth cannot be ruled out as a cause of the lesion 
but neither can it be determined as such since the amounts injected are far 
too small to render recoxerj of the drug possible It is of course con 
cenable that the production of the lesions m the mouth hv this one squill 
glucoside IS due to impurities m the preparation rather than to the com 
pound itself Of two lots of scillaien B used one was found to cause the 
development of the expeiimentai disease much more quickh than the other 

The data presented indicate that a leukopenia is not a factor in favoring 
inception of the disease nor does a leukocvtosis appear to influence its 
course 

Our unsuccessful attempts to transmit the disease to healthy dogs while 
too few in, number to permit conclusions suggest that the fusiform bacilli 
and spirochetes may not be pathogenic for the normal aninial even when 
applied to the gums and mucous membranes of the month in large numbers 
In a recent paper, Lichtenbcrg and his co workers (14) question the patho 
genicitv of these micro organisms for normal human beings However 
there are well authenticated reports in the literature of small epidemics of 
Vincents angina among normal persons living under apparently healthful 
conditions This leads one to infer that either the normal dog possesses 
a greater natural resistance to the fuso spirochetal micro organisms than do 
human beings or that the strain found commonly in the dog differs in 
pathogenicity from that occurring in the liutnaii inoiitli 

With the evadence available wt feci tint it is not vet possible to draw 
definite conclusions concerning the identity or non identitv of the sfiiroclictc 
and fusiform bacillus Our cultural studies do suggest that these arc two 
distinct microbial forms If the fusiform bacillus and the spirochete repre 
sented different phases of a single life cycle one might expect that in a cul- 
ture medium higlilv favorable to the multiplication of the bacillary form 
the spirochetal phase would develop However since we have not been 
able to contrive snfficientlv favorable conditions in the test tube for the 
growth of sjiirochetes freshly isolated from the lesions we have no iiicans 
of knowing whether or not spirochetes would evolve from fusiform bacilli 
w ere a suitable grow th medium provaded 
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THE EFFECTS OF ALTERNATE SUCTION AND PRESSURE 
ON BLOOD FLOW TO THE LOWER EXTREMITIES 

By EUGENE M LANDIS and JOHN H GIBBON, JR, 

(Prom the Robinette Foundation of the Hospital of the University of 
Pennsylvania Philadelphia) 

From the therapeutic standpoint patients with penpheral vascular dis- 
ease are divided into two groups, (a) those whose symptoms are due to 
simple spasm with no, or very slight, organic vascular obstruction and (6) 
those whose symptoms are due primarily to advanced organic disease of 
the arteries The symptoms of the first group can usually he alleviated 
by produang vasodilatation with drugs diathermy, local heat in the form 
of the avarm cradle, or sympathetic ganghonectomy The efficacy of these 
therapeutic procedures depends upon local dilatation of the penpheral blood 
vessels 

In more advanced stages, however, obliterative structural disease has 
usually progressed until the arterial vessels are transformed into ngid 
tubes These diseased vessels have not only abnormally small lumina but 
are also more or less incapable of dilatation even when vasomotor tone is 
reduced by nerve block or by sympathetic ganglionectomy When the 
arteries have thus lost their power of dilating the therapeutic procedures 
mentioned above fail to increase blood flow and therefore fail to improve 
the nutrition of tlie tissues Eventually many of these patients with ad 
vanced orgamc disease of the arteries suffer from trophic changes, ulcera- 
tion and gangrene leading finally to amputation Any procedure which 
tends to increase blood flow in the presence of organic occlusion might be 
of benefit in delaying or possibly in preventing the appearance of gangrene 
According to Poiseuille's law the amount of fluid flowing through a 
rigid tube depends upon the fall in pressure along the tube If other 
factors remain constant doubling the penpheral fall in blood pressure 
should approximately double the amount of blood flowing through the 
rigid arterial -vessels The total fall in pressure in the penpheral vascular 
system may be increased in two ways (o) by elevating systemic blood 
pressure or (h) by diminishing capillary and venous blood pressures The 
first method is impracticable for numerous reasons It seemed possible, 
however, that capillary and venous blood pressures might be reduced tem- 
porarily to negative values (i e , below atmosphenc pressure) by applying 
suction to the skin of the extremity 

The full effect of externally applied negative pressure can only be 
obtained if there be a reservoir capable of accommodating the blood which 
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fio,' cd thnjji;h iIk t irrowcd nrunc- 1 he cij'dhrit > iiA \itn^ n% 5 ' 
not con^tr.ctco nfltr <uch n rc-tnoir— ot hnntul c^mut\ l-ondi-, ot i 
Gihl)on (I) oh^med tint inflotin:: o pitunntic cut! cm the np’,'. r \tt 
to a prc5'^urc ot 30 cm \\otcr for 3 nnnntcs tncrco^tfl tiv ^nhlmc of a 
segment of forca-m in 25 cc of which > cc co-i-i-ttd ot c\tra\ ncniar flmd 
while 22 cc co’niNtcci of hioo^i trapped in the co'itjt'.tcd ptnphtral \cs-e!s 
Smnhrli, i \tnoti‘; prec-nre of 60 cm water diirnn: 6 inimitL^ it.cm'-'o' 
the aolnrnc In 3S cc of which 7 cc wac c\tra\a‘:aihr flmd md il cc wa<; 
Idood in the congested \cs'-cl': The total \oUtmc of the ^cpinttU of fort 
arm was /20 cc so that at prc’tsnres of lO aiul (0 cm water tlu reservoir 
available was 3 and 4 cc per 100 cc of arm respective!} \vtraec IiIo-k! 
flow m the normal forearm amounts usual!} to less tlnii 5 cc jier mimitc 
per 100 cc of tissue (Lewis and Grant (2)) Ilcuce, with a shidit riM 
of pressure the veins and capillaries can accommodate the blood flowin'' 
throutth normal vessels durintt a period of approMinatel} one mtnnte 

From these observations it seemed possible tint the penofbe application 
of negative pressure to the surface of the lower extrcmitv nuplit be c\- 
pcctcd to increase blood flow even thonqh the arterioles bad bctii eh itii'td 
into rigid tubes b} reason of structural disease Moreover, if the suction 
were applied for rehtivel} short jKriods of tune the eTiicienc} of tin 
method V ould be greater since the avaiialilc reservoir would not be filled 
to capacits during an} one suction ivcnod 1 be accumulation of blood tii 
the capillaries and veins must lead to stretching of (heir walls, (he resist met 
to further distention increasing as the amount of trafijicd blood become 
•^rc'ittr This resistance would of course, lessen llie effect of external 
suction on the jienplicral drop in blood pressure j) irticularlv if suction v ire 
prolonged It seemed essential, therefore, not oiilv to use relative!} brief 
periods of suction but also to empt} the cainliarv and venous beds of tluir 
contained blood after each brief suction period, so that space nii'jht be 
available for the accommodation of fresh arterial blond to be drav n m 
during the succeeding suction period Therefore, suction and pressure 
V’ ere applied altcmatcl} 

Tire effects of alternate suction and pressure on flov have liecn sttiflnd 
m a circulator} schema and in the lower txtrcnntics of normal subjiet" 
and of patients with peripheral vasailar disease This pgK.r pro. id' > ob- 
jective evidence that blo'Kl flow can be increased b} tins means Tin 
clinical value of this procedure will lie consulc’-td in htf pubbca'ioiis It 
ceemed advis'’}dc fir^t to dcrnons*rate objteti.eK and und'_r coiirul'M' 
conditions, the correctness ot the working h}[Kjthes|s 
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was 28 cm wide 75 cm long 28 cm high at the proximal end and 34 cm high 
at the distal end These dimensions permitted the lower extremity to be inserted 
to a point approximately 8 inches abo\e the knee joint (Fig 1) The upper 



Fig 1 Diagram of Aluminium Box Used to Apply Suction and 
Pressure to the Lower Extremity 
For description see text 


surface of the box could be remo\ed and consisted of a sheet of shatter proof 
glass (C?) mounted in a holder which was screwed down upon a rubber gasket 
The foot and leg could thus be observed during tlie application of suction and 
pressure The proximal end of the box contained a circular opening (0) 
measuring 25 cm in diameter which was fitted with a rubber cuff screwed 
tightly against the end of the box by means of thumb screws (T) The cuff 
consisted of a semi rigid ring (R) of rubber and canvas with an external di- 
ameter of 28 cm and an internal diameter of 14 cm The internal portion of 
the cuff consisted of two leaves of lighter flexible rubber having a thickness of 
1 5 to 2 mm These leaves were conical in shape, the smaller end of one (Pi?) 
being directed toward the hip while the smaller end of the other (DR) was 
directed toward the knee The dimensions of the cuff were adjusted for dif- 
ferent subjects so that the flexible rubber fitted snugly against the skin of the 
thigh The fit was made as accurate as possible in order to avoid both excessue 
venous congestion and excessive leakage of air The rubber was held hghtlj 
in'^ contact with the skin by adhesive tape (A) The heel rested on a sand bag 
and for greater comfort the lower thigh was supported by sand bags placed 
just within the rubber diaphragm 

The interior of the box communicated through three-quarter inch rubber 
tubing with an air pump of the Crowell type (size 2A) having t capacity of 
13 liters per minute at atmospheric pressure The interior of tlie box also com 
municated with a mercurv manometer (Af) made of glass tubing with an in 
ternal diameter of 1 cm A metal electrode (£) was inserted into each limb of 
the manometer These electrodes were connected with a difference of poten 
tial and with the coil of an electrical rcla> The contacts of the relaj operated 
a one half horse power A C (Wcstinghouse Type RV) motor connected by a 
leather belt to the air pump A motor driven 3 wa> metal valve placed the box 
in communication with the intake pipe of the pump for 25 seconds, and with the 
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Ojtp^ p pc of tl.c p^-Tip to- 5 ■^cco.l il'c 1 -IID.-Virr '-I ^h S’l rcsv'-c 
coc.ro’iH lu'o-n' cilK (in Ji c pT; (101- ot (’,r (no t!atr<y!" m i >• ^ 
tc") t!,c II ot 'jctin , O' p'c'- 'c 'pp'icil, u’nilc t! l \aUi, <.<1 Uv’'r<i l' 
clurit'o 1 0: the ‘-uction prc"U'c jc'trrfL- 

In 'll! 1) . two 01 the (^’)'Cr\ itim*; lic'c rcpo-ial a nr-’i'iu jitl m-'c 01 tJ'I 
nin Hj: wii nnp'icvl to' pirn^i^ ot 25 'cconds, al’c'r ittn , \ ith t jo ituc p'r 
«U'c 01 80 to 10.) nm Hp tor periods 01 5 seconds It rDiinrcd Tpiiro\ i s-'trH 
3 to 5 second'^ to cha^'ce the pre-bure witinn tiie ho\ iron — 120 tu 120 
nnn Hpr Tor ohscrvmc: the final prcssurc> itio'c acciratcls a secot I nnno i 
ter conmuncalcd witli the interior of the ho\ thronrh a sep-irate ope nr 

The air expelled bN the pump v armed in the procc^s ot Loniprt -.lo’ Since 
changes in blood fion were detected In rccordinr stm temperature it was neci - 
Sara to cool the air entering the box during the pressure periods I be air w 1 
therclorc passed through a iionejcomb radiator immersed m v atcr u 6 to 
10' C This preaenfed cxcessne aaarining of the air surroumhnt. toe lovtr 
extrcmita 

Changes in cutaneous blood flow in the lower cxtrcniit} aacre rll'•a^llrefI 
quilitatiacla ba obseraing sPm temperature llirec coppcr-constantan jiu :tion 
passctl into the intcrio' of the box through a rubber stopper imerted in the 
s dc aaall One junction a\as fixc<l to the slm at the base ot the mil of the first 
toe, anotlicr junction aaas similarh situated on the si in of the third toe luaclt 
junction V as coacred aaith one laacr of adhesne plaster Ilie third thcrmil 
junction a as suspended near the foot to record tlic tcmi>cralure of tiie atr 
around the extrcmita 

Since in these obscraations increase in blood flow was identified Iij clcaa 
lion of shin temperature it aaas essential to control the ob'craations a era can 
fulla Therefore, aahilc one lower cxtreniita aaas placed in the aluminium bo's 
the 0 ‘hcr lower extremitj aaas u^ed as a control and inserted into a second box 
haamg the «amc dimensions nnd the same gene'al shape as the ahrmniiin box 
Idiis control box aaas fitted aaith one 10-\aatt and one 50 a att lamp, aahuh ctnild 
be tu'ncd on «cpamtcla O' together in c'dcr to lecp tlic temperature of the ur 
in the control box aia aas aboae that of the air in tlic aluminium box 

Conditions aaerc arranged to faaor greater cooling of the extrcmita (''po cd 
to suction and pressure First, tlie air temper iturc in the control box a as 
higher than that in the rlumimum box Second, the air in the control box a ai 
still vhilc mat in tie aluminum ho' v as moaing due to alternate remn d and 
intro'luction 01 air danrg suction a''d pressure rc->pccti elj Ihird, the ex 
tremita in the aluminium box a’ as shghth congC'texi by the rtihb''r cittf hih 
the c'-^'cmita m tre control l>ox a as ro‘ cnnge'*ed the sp ice beta ih" si 
ot the thigh and the p'oxinal c-'d of the con*'ol bov lu: ng clo eif lo<^t el, \ uii 
eexon Tie cc^ditio-s were thu-* ar'anged to faao' cr/'i’i"/ of the exferi 
teen al extremu as co'epa't'l to t’ c control c'tremi’>, 'o^hat if th" eeire-nty 
C-Xfwj cd to s„cMon '"d p'c s„'e Lecr'c a''<rrec' than the con’rol cetre .aty tl ' 
cijirgc mignt be sateh asc'il>-x3 to merca eal b’ocyl fo 
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fluid through a partially obstructed ngid tube In the schema various 
Itngths of capillary glass tube simulated an arterial obstruction while a 
rubber hag simulated the distensible capillary and venous beds A valve 
was inserted In the outflow (or venous) tube leading from the bag to 
simulate the venous valves 

The rate at which water flowed through the sj stem under a pressure of 
SOimm Hg (109 cm water) was first measured over several penods of 
SIX minutes without pressure vanations, i e , with atmospheric pressure 
both inside and outside the box The first column in Table 1 shows the 
single and average measurements of the outflow in cubic centimeters per 
minute *Suction ( — 120 mm Hg) was then repeatedly applied to the 
portions of the schema within the box for varying penods — 25, 55, 85, and 
115 seconds — ^with alternate periods of pressure 

Flow was uniformly greater dunng suction and pressure The per- 
centage increase in flow is recorded in the nght half of Table 1 Suction 
for 2,5 seconds and pressure for S seconds increased the outflow by 45 to 
63 per cent With longer penods of suction slightly greater increments 
in flow were observed since the total drop m pressure was increased for a 
shghtlv greater proportion of time, relatively less time being wasted in 
changing from negative to positive pressure 

B Observations on normal subjects 

n 

1 The effects of suction and frcssurc on the rate of cooling of the 
previously warm lower extremity 

At low room temperatures the extremities of normal subjects cool rap- 
idly as a result of penphera! vasoconstnction which serves to conserve 
heat bv diminishing radiation As shown by Gibbon and Landis (3) 
when the forearms are immersed m warm water maximal vasodilatation is 
produced m the lower extremities, and the surface temperature of the digits 
rises to 32° C or more In this series of observations the subjects were 
exposed to low room temperatures and maximal vasodilatation was first 
produced in the lower extremities by immersing the forearms in warm 
water The rate at which the lower extremities cooled following such 
maximal vasodilatation was observed both with and without pressure 
changes in order to ascertain whether alternate suction and pressure modi- 
fied the rate of cooling 

The subjects were seated on an examining table with the legs extended 
honzontally while the back rested against a support at an angle of 45 to 
60° The right lower extremity was placed in the control box, the air 
in which was kept slightly warmer than that of the aluminium box The 
left lower extremity was inserted into the aluminium box through the rub 
ber cuff 

Figure 2A shows the cliaractenstic result obtained when the two ex- 
tremities were first warmed through penpheral vasodilatation and then 
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niloAcd lo ov"t] in tl cir rt'jKCt’Nt. tuvt- <.1 tma ■'.n ! j -c '’irr 

Ik nt: np,)!ic 1 to tLc left !». tr extn n!t\ A- utc to li- tspetft ! 
ncconnt of the \Mnnc»- eir in the control !v>\. t!u te u]'- retire rt.K'nc»t 
tlnnn': ^n 1 CKllI-st''t.o.l Innjicr in the nt:nt c\trunit\ After th< itn- 
nnn<= were re.iioied troni the w.vnii Inths Na-incnn-tnctor ton lTunl^u! 
nnd tlic ritjht and left extremitic-, cooled it npjiroMnntele the nint ru<. 
tile riqnt cxtreniiU reiinminq tlirmiedioiii s!i<;htl\ winner tinn the left 
Tlie fiibjccts were chiii\ or yhntnnt: while the lower evtreinitu co-iU.l 
SiK ‘luch Control ohscnitions arc ‘-iininnn/cd in T ihle 2 KfHnn 
temperature nneted trom 10/ to 16 3° C At the Il.tntmnr’ of the cool 
inq period the ‘uirlice temperatures of the die,nts were ill ahoee 33° C , 
the rutht digits being warmer than the left The duration of the coeihiv' 
period laned from 38 to 58 nimules and in this time the temjieraturc^ ot 
all the digits became lower With one minor t\eeption the left digits 
remained as cool as, or cooler than, the corresponding right digits through 
out the cooling period The temperatures of the air in the aluminium and 
control boxes were read c\cr\ two minutes The figures reconkd m 
Table 2 as “aeerage temperature of air in boxes” at the beginning and 
end of the cooling periods represent respectnel> the aeerage of the five 
readings made during the first 10 minutes and the last 10 minutes of the 
cooling jienod It nn\ be obscrecd that the air m the control box vas 
warmer linn the air in the aluminium box b> 1 1 to 1 7° C 

The relation hetv cen the surface temperatures of the right and left 
digits IS sumnnnred in the last tv o columns of fahlc 2 The tcmi-era- 
ture of the right first digit at the beginning of the cooling period has been 
subtracted from that of the left first digit ohscrecd at the same tune The 
left and right third digits ha^e been sinularle compared as regards tim 
pe ratine Tiie minus sign indicates tint the left eligil was tlie cfioler li) 
the amount gu cn At the beginning of the cooling period tlie left digits 
were from 0 I lo 2 5° C cooler than the riglit At the end of the cooling 
period the lame rcl >tion e'lsted m exaggerated form, the left digits being, 
V itli oae cscept'on, from 00 to 3 S° C cooler than the right The ^iru h 
exception occurred in Ob=cnation M6 m v Inch the left third ehgit imam' 
03° C waninr tl an the nght third digit The figures gnen in tin If) ’ er 
right band comer oi Table 2 imhente that the left eligits averager! 08" C 
coa'er tlm the right at the beginning of the coeilmg period and I 8° C 
coabr a* ih. end of the jKnofl ThC'C cemlro! ob-enrtions shov tliae 
i nde' the en no”ne-ntal cond'tions nmitnaed th' hit d.gits reupin'fl 
di'm-fc’e cfyj'er th'u the nglg 'lei 'action and p-es^nre vert no- .-’p- 
t) cd to tf c left C'lre Uitv 
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The air in the aluminium box became warmer dunng compression and 
cooler dunng rarefaction as was to be expected from physical pnnaples 
The range of these fluctuations dunng suction and pressure has been 
shown in Figure 2B (et seq ) by dividing the line showing air temperature 
in the aluminium box into two lines, of which the upper represents the 
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im\mmm tcn],)cn{t!rc o’l'tneil diinni: tl'C p-csMirc {> no-! ^ I--! t!, ! i - , ► 
reprc'ctuc the rninimiii.i {cnipcradtrt o’l-crsLiI fiv.rin ' tiv jv r.n ! o' ‘■m t • 
The tljcrmnl jnnctJo.j rtcord'n" the Ittiip' raterf ot tin. air in tin .> ntn • i 
box %\a‘; connected v u!i the ttihanmiuttr dtirinc; a tn’njd' ;< v't' an! 
prc-'icnrt c>clc and tin. Ji!£,dic>t and tt!!i[itnti!rev o i!^ v ru iri’ 1 

Tiie qaI\anomctcr v as oi llie low rcsi‘.l'inte {\pL (I itds and Nmtbrnp 
T\-pc R') and was sliqlnl^ o\trdami)ed When rLhti\(.K con^t >nt tni 
pcraturcs were bcint^ nieasnrcd it rtiiiiirtd .iboiit 1 sicoinK lo’- lljn j 
\ano.ncttr to come to rest Po^itue ]'>rt''''urc was apj'lied tor 5 ‘xond 
a period sli^luh lonqer tlian tint requirLd tor the pahanonii ter to rcdi 
equilibrium The fluctuation'' in air temperature pro\cd to be rclitmie 
uniform as chown m Figures 2B, 4 4, etc 

1 be air in the alununuitu box was at the higher tcmpera^ire for le-" 
than of the time while the lower temperature preeatled fc oser oi 
the time The aeerage temperature of the air in the ahiminuim hov' 
would therefore he represented he a line shghtK lover than nudw iv h''- 
tween the maxiimim and minimum temperatures shown Rtvertheli s, 
the air m the control box was kept warmer than the luglie-t temp' r.ifun 
recorded in the alununuim box since the effects of suction and pressure 
were being nicasurccl m terni" of the cooling of the left, ,is comp in d to 
the right, cxtrcmiU 

Under these conditions, suction and pressure modified the sfm tern 
penturc of the left extremiti as shov n m Figure 2B The ni ht dints 
cooled unifomih and cecnK during the entire jitnod Thi left digits, 
howcecr, cooled more slowh during the application of snclina and pre-sure 
In the ob'craation illustrated m Figure 2B tiunng the tarU part of tin 
suction and pressure period the left first digit was apjirosimati 1\ coo’* r 
th-in the right first digit \t the end of the suction and pre-sure p' ’'lod, 
57 mmiitcs later, the left first digit was approvmnti 1\ y \ irniT the 
the right When suction and pre^^sure were di=cnat!mied tin left < trim 
it\ be'gan to cool much more rapidh and fm.dh re 'died tlie ■'att'i tinj/ra 
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mum and the first five minimum readings This figure is probably higher 
than true mean air temperature for reasons mentioned above The air in 
the control box was kept approximately 2° C higher than this computed 
average and slightly higher than the maximum temperature m the alu- 
minium box 

The relation between the surface temperatures of the right and left 
digits IS summarized in the last three columns of Table 3 The tempera- 
ture of the right first digit has been subtracted from that of the left first 
digit (a) at the beginning of pressure changes (6) at the end of pressure 
changes, and (c) at the end of the period without pressure changes The 
third toes have been similarly compared as regards temperature 

As in Table 2 a minus sign indicates that the left digit was cooler by 
the amount given while a plus sign indicates that the left digit was warmer 
At the beginning of suction and pressure the left digits were, with one 
exception, from 0 to 1 7° C cooler than the right digits At the end of the 
suction and pressure periods the left digits were with one exception, from 
0 2 to 4 5° C warmer than the right In the hvo exceptions noted the 
left digit cooled much less rapidly than the nght, though the difference 
was not enough to change the sign During the subsequent period when 
cooling continued without the application of suction and pressure to the 
left extremity, the difference between the temperatures of the two extremi- 
ties diminished conspicuously In some instances the left extremi^ be- 
came once more the cooler , in every mstance the difference in tempenture 
became distinctly less 

The results are summarized in the average figures recorded in the low er 
right hand comer of Table 3 At the beginning of suction and pressure 
the left digits averaged 0 8° C cooler than the nght At the end of the 
suction and pressure period the left digits averaged 2 2° C warmer than 
the right After a period without suction and pressure tins difference 
diminished conspicuously, finally amounting to only 04° C This forms 
a marked contrast to the control observations recorded m Table 2 in which 
without suction and pressure the left digits, instead of becoming warmer, 
cooled slightly more rapidly than the nght or control digits The differ- 
ence in the rate of cooling must be ascribed to the relatively greater flow 
of arterial blood into the skin of the extremity exposed to suction and 
pressure 

2 The influence of suction and pressure on blood floiu tn the cool cx- 
treimlics of normal subjects 

The effects on skin temperature of applying suction and pressure to 
the cool extremity were observed in order to ascertain whether blood flow 
could be increased in the presence of more or less marked vasoconstnetor 
tone Room temperature was low, varying from 89 to 199° C The 
subjects in these observations were usually cool or cold to the point of 
shivering As was to be expected under these conditions skin temperatures 
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10 observations With the beginning of suction and pressure the skin 
temperature of the left digits began to rise more or less rapidly, avliile the 
right digits either cooled or showed no nse in temperature other than 
might have been expected from the gradual warming of the control box 
As shown in the upper part of Table 4 suction and pressure in- 
creased blood flow m the cold extremity in 6 of 10 observations on two 
normal subjects The left digits \%armcd by as much as 11 3° C while 
the right digits either cooled or warmed by not more than 2 2° C Ex- 
pressed for convenience in the form of average figures the results may he 
summarieed by stating that m these 6 observations the left digits, exposed 
to suction and pressure became warmer by 6 3“ C while the nght digits, 
though exposed to a higher air temperature, became warmer by only 0 3° C 
The lower section of Table 4 and the first portion of Figures 4A and 
4B summarize the observations m which suction and pressure alone did not 
influence blood flow conspicuously The data in Table 4 apply only to the 
period when suction and pressure were used without immersion of the 
forearms m warm water, the latter being considered in the next section 
These four observations may be summarized by stating that the left digits 
exposed to suction and pressure (before diminishing vasoconstrictor tone 
by immersing one forearm in warm water) showed, on the average, no 
change in temperature while the right digits became cooler by 1° C though 
the latter were exposed to a warmer air temperature This difference is 
doubtless too small to be of any real significance, though in qualitative 
agreement with the other observations m which larger changes were ob- 
served High vasoconstrictor tone can apparently diminish the effects 
which suction and pressure exert on blood flow 

It was mentioned previously that theoretically the effects of suction 
and pressure would be expected to depend upon the presence of an adequate 
reservoir to accommodate the blood drawai through the arterioles during 
the suction period It has been shown by Lewis (5) that during vaso- 
constnction the minute vessels of the skin can resist internal positive (or 
external negative) pressures of SO to 100 mm Hg The negative pressure 
applied to the surface of the skin was — 120 mm Hg It is very doubtful 
whether this pressure is transmitted without loss through the surface of 
the skin It is quite likely that during vasoconstriction the effective nega- 
tive pressure which reaches the walls of the blood vessels could be easily 
withstood by vessels capable of resisting internal pressures of SO to 100 
mm Hg Under these circumstances, therefore in the absence of an 
adequate reservoir for the accommodation of blood flowing through the 
arterioles it would be expected that wath high vasoconstrictor tone the 
effectiveness of suction and pressure would be dimimsbcd if not completely 
absent in some instances The effect of immersing one forearm in warm_ 
water (Figs 4A and 4B) is in favor of this explanation 
vasoconstnetor tone vvas reduced slightly a reservoir t 
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suction and pressure favored blood flow through the left c'ctremity, ns 
shown by the greater rise in skin temperature The results suggest that 
the maximal effects of alternate suction and pressure can 1)C obtained only 
if vasoconstrictor tone is not too great 

3 The effects of suction and pressure on the vasodilator response to 
immersing one forearm in warm water 

Gibbon and Landis (3) showed that immersing one or two forearms 
in warm water produced vasodilatation, more or less complete in grade, in 
the lower extremities In agreement with Lci/is and Pickering (4) it was 
observed that in general the vasodilator response Iiegan first in the warmer 
extremity and that the final temperature reached at the end of 35 minutes 
was slightly higher m the extremity originally the warmer 

The effects of suction and pressure on the vasodilator response were 
studied, in order to determine v hethcr blood flos/ v/as modified by external 
pressure changes Control observations s ere made in v/hich the vato- 
dilator response s/as induced in the lov er extremities without the use of 
suction and pressure (Fig 5) The left extremity was placed in the 
aluminium box, the right m the control box, the air temperature m the 
latter was kept uniformly higher than that in the aluminium bo/ In nil 
observations the nght or control extremity v as slightly warmer at the 
time the forearm was immersed m the warm bath Hie forearm re 
mained in the bath for 35 minutes 

In Table 5/1 si” such control oliservations are summarixed I ho av- 
erage tempcTature of the air in the Ixixes v as cominitcd as in the pre-vious 
tables In the third column from the right the temj/raturc of a digit 
v as regarded as having begun to rise v/hen it v as 1° C above the te-m 
perature existing v/hen the forearms v ere immersed In agreement v/ith 
previous observations the right, or v armcr, digits, v ith one exception, 
shoved the vasodilator response sooner than the corresponding left, or 
cooler, digits In the last tvo columns of Table 3/1 the tcmjicratur/s of 
the corresponding digits are compared as in previous tables At the time 
the forearm v-as immersed in //arm v ater, the left digits v/cre the co/)!er 
bj 04 to I^° C V Ith an average difference of 1 I® C At the end of the 
33 minute immersion penod the same relationship (/ith one cxcejilion) 
existed, the left digits remaining the cooler throu^,hout / ith an a e-rnge 
difference fincluling the one cxce-jition) of C Thi” af,rec^ v/ith 
prevnous findings and -erves as a control for tbo-c o1//*rvdtions in vhich 
suction and pressure v ere used in combination veith v arming of one fore 
arm for 33 iranutes 

Figures 4/1 and B shov/ that suctif-i and p/res ure (a /on/1 th' d‘-,el/j{>- 
mert of the vasc/hlator response in the lov er extremit / exfx/'C/I to j/rt* ure 
vanatioTS In one ol/s/-*vation (Fig 4/1) the v-arm'- control e-xtremit/ 
showed ro vaso-hlato' reep/m e /hsterer /h_-n th. right fo'carm v/a' im- 
me-sed m va-jn -*-atc' vhi'e the left extrem / txp//ed to suction an I 
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* Extremities colder than air m box when observation was started 
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The difference between the control and experimental observations can 
be summarized in the form of averages Without suction and pressure 
the left extremity, ongmally cooler, began to show a vasodilator response 
20 minutes after the forearm was immersed while the right, being warmer, 
began to show the vasodilator response in IS minutes The left extremity, 
originally I 1° C cooler than the right, remained cooler by 1 8° C even 
at the height of vasodilatation On the contrary, when suction and pres- 
sure were applied to the left lower extremity the vasodilator response ap- 
peared first in the cooler (left) extremity IS minutes after the forearm was 
immersed, and in the warmer (right) extremity 20 minutes after the 
forearm was immersed in warm water Moreover, while the left lower 
extremity was cooler than the right by 2 3° C at the beginning of the 
immersion period it became wanner than the right by S 1° C at the end of 
the immersion penod when suction and pressure were used Suction and 
pressure therefore reversed the findings observed in control experiments — 
further evidence that negative pressure favors increased blood flow The 
control observations rule out the possibility that the differences were due 
to chance variations in the reactions of the two extremities 

C The effects of altcrmtc suctxon and pressure on skm temperature tn 
patients vnth peripheral vascular disease 

Five patients with varying grades of peripheral vascular disease were 
studied In each patient alternate suction and pressure produced a con 
spicuous rise of surface temperature in the affected extremity, even in the 
presence of advanced organic vascular disease In these observations the 
room temperature was kept between 14 0 and 19 5° C — cool enough to 
keep air temperature within the boxes moderately low but not so cold as 
to be uncomfortable The patients were in the semi recumbent position 
on a couch with a back rest One lower extremity was placed in the 
aluminium box while the other was placed in the control box As usual, 
the air in the latter box was kept slightly warmer than the air in the alu 
minium box The patients experienced no discomfort dunng the pro 
cedure, even falling asleep in one instance while suction and pressure were 
applied Skin and air temperatures were measured in the manner de- 
scribed for normal subjects 

Patient 1, a white male, aged 61, was known to have suffered from 
diabetes melhtus since the age of 56 His blood sugar was well controlled 
by diet alone For approximately two years the patient had noticed numb 
ness extreme coldness and moderate cyanosis of both feet without inter- 
mittent claudication or ulcerahon Examination revealed generalized ar- 
tenosclerosis with a blood pressure of 155 mm Hg systolic and 85 mm Hg 
diastolic. On numerous occasions both lower extremities were found to 
be cold and slightly to moderately cyanotic in color The skin of the right 
lower extremity from the middle of the leg downward was thickened and 
scaly and all the toe nails were abnormally ndged and thickened Neither 
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postenor tibial nerve and the nght first, third and fifth digits, originally 
22 1, 21 6, and 20 5° C ivarmed to 32 5, 32 9 and 31 7° C respectively in 
a room at 19 to 20° C This response mdicated that the symptoms were 
due primanly to arterial spasm 

At a room temperature of 149 to 160° C the nght lower extremity 
was placed m the aluminium box, the left lower extremity in the control 
box Suction and pressure were applied to the right lower extremity for 
56 minutes At the beginning of this period the right first and third toes 
were slightly cyanotic and slightly cooler than the left toes Dunng the 
period of pressure changes the right digits became definitely pink and 
warmer by 12 3 and 5 7° C while the left digits became warmer by 2 8 
and 2 1° C , the latter being exposed in the control box to an average air 
temperature over 2° C higher than that in the aluminium box The right 
digits exposed to suction and pressure, became conspicuously warmer than 
the surrounding air while the left digits onginally cooler than the sur- 
rounding air remained so throughout the observation 

Patient 4 (Bl), a white male aged 46, was a diabetic whose right sec- 
ond toe had previously been amputated on account of gangrene The tip 
of the right third and fourth toes had been the seat of gangrenous ulcers 
which healed with rest and local heat On hvo occasions immersing the 
forearms in warm water failed to produce vasodilator response, indicating 
marked organic obstruction, verified in the left foot by the absence of vaso 
dilatation after anesthetizing the left postenor tibial nerve This patient’s 
history has already been summarized in another paper (3) 

The nght lower extremity was placed in the aluminium box, the left in 
the control box The temperature of the left foot was higher than that of 
the nght both extremities being relatively warm because the patient had 
been brought straight from the ward where the feet were kept constantly 
under a warm cradle Suction and pressure were applied to the nght 
lower extremity for 27 minutes and during this penod the nght first and 
third digits became 4 4 and 3 6° C warmer while the corresponding digits 
of the other foot became 0 7 and 0 4° C cooler respectively, though the lat- 
ter were exposed to environmental temperature over 2° C higher The 
nght digits onginally cooler than the left, became, during suction and 
pressure, warmer than the left 

Patient 5, a white Hebrew male, aged 58, suffered from thrombo- 
angiitis obliterans with coldness and cyanosis of the nght foot as well as 
typical intermittent claudication in the nght leg The left foot became 
cold easily but cyanosis and pain were absent 

The posterior tibial pulse was absent bilaterally, the dorsalis pedis 
pulse was absent on the right hut present on the left Immersing both 
forearms in warm water on several occasions indicated uniformly that the 
arteries of the nght extremity were organically diseased to a conspicuous 
degree while those of the left extremity were less conspicuously affected 
The vasomotor index of the nght foot was 1 1, that of the left 1 3 
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observation charted in Figure TA the left extremity was exposed to room 
air having a temperature of IS 8 to 20 1° C , the right lower extremity be 
mg placed m the aluminium box with an air temperature of approximately 
24° C Immersing one forearm in warm water was followed by a rela- 
tively rapid warming of the left first toe to 32 2° C while the right first 
toe m spite of the higher temperature of the surrounding air warmed more 
slowly to 28 1° C during the same penod 

The effects of suction and pressure on skin temperature m this patient 
are shown in Figure 7B The left and more nearly normal extremity n as 
placed in the warmer control box The right, more diseased extremity 
was placed m the coaler aluminium box Suction and pressure alone failed 
to change skin temperature appreciably at the relatively low room tempera 
ture of 140 to IS 1° C The nght forearm was immersed in warm water 
and after approximately twenty minutes the temperature of the right first 
toe rose above that of the left and finally reached 32 1° C The left first 
toe though originally the warmer, and m a ivarmer environment through 
out the observation, remained cooler by 9 5° C Four observations on this 
patient are summarized in Table 6 In each instance the right digits, 
originally cooler than the left, became warmer than the left during suction 
and pressure and the ordinary temperature relationship shown in Fig- 
ure TA m response to heat alone was reversed 

If all the figures in Table 6 are summarized in the form of averages it 
IS found that the digits exposed to suction and pressure became warmer by 
7 1° C while the control digits became warmer by 1 9° C although the 
latter were in a warmer environment From these averages and from the 
individual observations it appears that applying suction and pressure in- 
creases the flow of blood to the digits even m the presence of organic ar- 
terial disease The findings in Patients 1, 2 and 4 indicate that suction 
and pressure may increase blood flow though removal of vasoconstnctor 
tone fails to do so 

D Skin color during suction and pressure 
In this paper emphasis has been laid upon changes in skin temperature 
since they seemed theoretically to provide the most objective and con- 
vinang means of identifying changes in arterial blood flow Skin color 
was also observed but drawing definite conclusions on this basis alone did 
not seem justifiable for several reasons When the extremities are cold 
as emphasized by Lewis (6) in Ins studies of Raynaud s disease, cyanosis 
develops relatively slowly As regards blood flow redness or cyanosis of 
the skin with surface temperature of 30° C has an entirely different sig- 
nificance from the same grade of redness or cjanosis at a surface tempera- 
ture of 20° C Moreover, skin color depends to a certain extent, as shown 
by Goldschmidt and Light (7), upon the amount of blood in the skin 
Therefore, diminution of cyanosis was regarded as corroborative but not 
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and pressure to the left extremity was accompanied by a lesser cyanosis in 
the left first and third digits as compared to the right first and third digits 
In Patient 2 immersing both forearms in warm water produced neither 
a lessening of cyanosis nor an increase in skin temperature in the lower ex- 
tremities Negative and positive pressures caused the right first digit and 
the dorsum of the right foot to become definitely pink though both were 
cyanotic before the pump was started An area of skin over the first 
metatarso phalangeal joint though deeply cyanotic before the application 
of suction and pressure was normal in color at the end of the observation, 
while the corresponding area m the left foot was still cyanotic 

In Patient 3 the right first digit, moderatelv cyanotic before the applica- 
tion of suction and pressure, was definitely pinker at the end of the ob- 
servation In Patient 4 no color observations could be made due to un- 
satisfactory light 

In Patient 5 the skin color of the right digits, originally moderately 
cyanotic, changed but little when vasoconstrictor tone was reduced by 
immersing both forearms m wann water In four observations (B2, B7, 
B17 and B21) the color of the nght digits became brighter, changing from 
a moderate or marked cyanotic tint before suction and pressure to a nor- 
mal tint or at most a slightly cyanotic tint at the end of the suction and 
pressure penod 

The observations on skin color corroborated the more objective and defi- 
nite skin temperature studies both indicating an increased blood flow dur- 
ing the application of alternate suction and pressure 

DISCUSSION 

The desirability of increasing local blood supply m certain medical and 
surgical conditions involving the extremities has long been recognized 
As an early attempt in this direction the application of a bandage proximal 
to the lesion was, according to Bier (8), first desenbed by Parc (9) 
This method was later used chiefly for treating ununited fractures by 
Nicoladoni (10), Thomas (11), and Helferich (12) but has been more 
recentlj revived and extended by Bier (8) While such passive con- 
gestion produces venous engorgement and increases the amount of blood 
trapped in the vessels distal to the bandage it does not increase, but really 
reduces total blood flow if congestion is extreme, as shown by the calon- 
metric measurements of Stewart (13) 

Negative pressure was apparently first extensively used m 1829 bj 
Junod (14) who constructed a series of pneumatic chambers ’ designed 
to accommodate one or more extremities or even most of the body Under 
the name of ‘ hemospasie” negative pressure was used enthusiastically to 
treat almost everj form of local or sjstemic disease Junod used negative 
pressures amounting to between % and y- atmosphere over more 
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tightness of the skin tvhen vasoconstnctor tone was reduced by warming 
the forearms \\Tien vasodilatation was not extreme 25 seconds of nega- 
tive pressure produced little sensation of distention In all of the observa- 
tions on normal subjects and patients discomfort has been negligible and 
no hemorrhages into the skin have been observed A negative pressure 
of 120 mm Hg would undoubtedly produce cutaneous hemorrhages if it 
were permitted to act for a long time However, dunng periods of 25 
seconds the veins and capillaries are not maximally distended and conse 
quently the vessel walls are not stretched to a point where hemorrhages are 
apt to occur Moreover, in patients with organic arterial obstruction dis 
tention would occur at a later period than m normal subjects whose arteries 
are still of normal calibre 

The cuff congests the leg slightly and m itself tends to keep the veins 
distended Hence brief periods of pressure were used to empty the peri- 
pheral vessels and to provide an adequate reservoir for the accommodation 
of the blood drawn in by the succeeding period of suction, an essential 
point theoretically m favoring an increase m the rate at which arterial blood 
enters the capillaries and veins Simple intermittent suction with rest 
penods would probably be less efficient since (o) the congestion produced 
by the cuff would not be overcome and (6) emptying would be slow and 
incomplete The importance of diminishing vasoconstnctor tone has al- 
ready been considered 

Inspection of the tables will show that occasionally skin temperatures 
were lower than the temperature of the air in the boxes At the outset 
the air m the boxes had the same temperature as room air As soon as 
the boxes were closed the air surrounding the extremities began to warm 
presumably due to radiation from the warmer proximal portions of the 
extremity enclosed within the boxes Nevertheless, the temperature of 
the digits exposed to suction and pressure rose well above environmental 
temperature 

The possibility that the rise in skin temperature was due purely to 
physical forces incident to changing air pressure can be ruled out by in- 
spection of Figures 4A, 4B, 6C, and 7B If the elevation of skin tempera- 
ture had been due to condensation of moisture or to heat produced during 
compression of the air within the box tlie skin temperature would have 
begun to nse in every instance as soon as the pressure variations w ere used 
In these four observations as well as many others skin temperature did not 
change, in spite of suction and pressure, until vasoconstrictor tone was 
diminished Moreover, such physical effects could not explain the eleva- 
tion of skin temperature above the environmental temperature A bottle 
covered with moist gauze the latter to simulate moist skin, cooled slightly 
in the aluminium box dunng the prolonged application of positive and nega 
tive pressure These observations arc believed to rule out artefacts due 
to purely physical factors 
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tightness of the skin when vasoconstrictor tone was reduced by warming 
the forearms When vasodilatation was not extreme 25 seconds of nega- 
tive pressure produced little sensation of distention In all of the observa- 
tions on normal subjects and patients discomfort has been negligible and 
no hemorrhages into the skin have been observed A negative pressure 
of 120 mm Hg would undoubtedly produce cutaneous hemorrhages if it 
were permitted to act for a long time However, during periods of 25 
seconds the veins and capillanes are not maximally distended and conse 
quently the vessel walls are not stretched to a point where hemorrhages are 
apt to occur Moreover, in patients with organic arterial obstruction dis- 
tention would occur at a later period than in normal subjects whose arteries 
are still of normal calibre 

The cuff congests the leg slightly and in itself tends to Keep the veins 
distended Hence brief periods of pressure were used to empty the peri- 
pheral vessels and to provide an adequate reservoir for the accommodation 
of the blood drawn in by the succeeding period of suction, an essential 
point theoretically in favoring an increase in the rate at which arterial blood 
enters the capillaries and veins Simple intermittent suction with rest 
penods would probably be less efficient since (a) the congestion produced 
by the cuff would not be overcome and (Z>) emptying would be slow and 
incomplete The importance of diminishing vasoconstrictor tone has al- 
ready been considered 

Inspection of the tables will show that occasionally skin temperatures 
were lower than the temperature of the air in the boxes At the outset 
the air in the boxes had the same temperature as room air As soon as 
the boxes were closed the air surrounding the extremities began to warm 
presumably due to radiation from the warmer proximal portions of the 
extremity enclosed within the boxes Nevertheless, the temperature of 
the digits exposed to suction and pressure rose well above environmental 
temperature 

The possibility that the rise in skin temperature was due purely to 
physical forces, incident to changing air pressure can be ruled out by m 
spection of Figures 4A, 4B, 6C, and 7B If tbe elevation of skin tempera- 
ture had been due to condensation of moisture, or to heat produced during 
compression of the air within the box the skin temperature would have 
begun to rise in every instance as soon as the pressure variations were used 
In these four observations as well as many others skin temperature did not 
change, in spite of suction and pressure, until vasoconstrictor tone was 
diminished Moreover, such physical effects could not explain the eleva- 
tion of skin temperature above the environmental temperature A bottle 
covered with moist gauze the latter to simulate moist skin, cooled slightly 
in the aluminium box during the prolonged application of positne and nega 
tive pressure These observations are believed to rule out artefacts due 
to purely physical factors 
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PROCEEDINGS OF THE TWENTY-FIFTH ANNUAL MEETING 
OF THE AMERICAN SOCIETY FOR CLINICAL IN- 
VESTIGATION HELD IN WASHINGTON, 

D C , MAY 8, 1933 

Treatment of Pellagra with Lwcr Extracts By David T Smith and (by 
invitation) Julian M Ruffin, Durham N C 
During the past two years a series of pellagra patients have been studied at 
the Duke Hospital A basic diet was planned which contained all the normal 
necessary vitamins and minerals except vitamin B2 or G The patients main 
tamed on this diet failed to make satisfactory improvement until vitamin G in 
the form of liver extract was added to the diet It has been demonstrated that 
tlie symmetrical skin lesions in pellagra are due to symmetrical exposure to sun- 
light and have no relation to nerve lesions in the spinal cord Unilateral skin 
lesions could be produced at will by proper exposure to sunlight Experimental 
black tongue in dogs has been produced with tlie same diet used as a basic diet 
for the clinical studies This experimental black tongue can be cured by liver 
extracts 

The Urinary Excretion of Iodine By George M Curtis and (by invitation) 
Francis J Phillips, Columbus, Ohio 
The urinary excretion of iodine by hospital patients without thyroid disease 
in this region is from 25 to 75 microgrammes daily No iodized salt is used in 
the hospital diet It is within normal range in patients with non toxic nodular 
goiter and also in those with non toxic diffuse colloid goiter In patients with 
diffuse hyperplastic goiter with exophthalmos and with severe hyperthyroidism, 
it IS greatly increased during the early exacerbation of severe, untreated tox- 
icity The urinary excretion of iodine increases greatly immediately following 
thyroidectomy This increase is temporary When iodine is quantitatively ad- 
ministered to patients with diffuse hyperplastic goiter with hyperthyroidism, the 
urinary excretion is at first low There ensues a rising iodine excretion curve 
as clinical improvement follows The urinary excretion of iodine is in- 
creased during early menstruation This is correlated with the associated rise 
in the blood iodine 

Congenital Heart Slock Review with Refort of Detailed Histo Pathologic 
Study of the Second Case of Complete Congenital Heart Block Studied 
by Serial Sections Through the Conduction System By Wallace M 
Yater and (by invitation) James A Lyon and Paul E McNabb 
Washington D C 

Cases of congenital heart block are not common About forty cases have 
been reported in the literature which fulfill certain arbitrary catena for tlie 
making of this diagnosis The cause has usually been patent 

interventricular septum with anatomical break m the an ^ le 

However, necropsy findings of only four cases have been i 
only two were studied by serial sections through the conduction 
was a case of 2 to 1 heart block in which there was almost of 

the interv entncular septum the other was a case studied by Yater 
46 963 
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heart block in which there were very unusual anomalies but in vliich a septal 
defect did not play a role The case now reported is one of an infant who had 
a defect in the interventricular septum in its middle upper portion Ihere was 
found a complete interruption of the bundle of His by the defect In fact, 
practically the whole bundle was missing The electrocardiogram, however, 
showed the QRS complex to be of the supraventricular type The diagnosis 
of complete heart block due to patent interventricular septum was made during 
life 


Significance of Inorganic Sulphate Coefficient or Clearance m Renal Disease 
By John W Macv (by invitation) and Norman M Keith, Rochester, 
Minn 

Inorganic sulphate concentration was determined m blood serum and urine 
during a given period of urine excretion The coefficient or clearance was de- 
termined by the following formula 


Per cent sulphate concentration in urine 
Per cent sulphate concentration m blood serum 


X 


minute volume of urine 


In twelve normal individuals the sulphate coefficient or clearance was ver^ 
constant from hour to hour, the variation being less than in the corresponding 
urea and creatinine coefficients This fact suggests tliat the inorganic sulphate 
coefficient might be useful as a standard with which the coefficient of other 
substances might be satisfactorily compared 

In renal disease the sulphate coefficient is in general lowered in proportion 
to tlie degree of insufficiency In some cases of this senes, the sulphate coeffi- 
cient appears to be decreased when other functional tests, including urea clear- 
ance, are within normal range This suggests that the sulphate coefficient or 
clearance may have an important place in those cases in which early renal 
insufficiency is suspected 


The Effect of Gelatin Diets in Nephritis By G P Grabfield, Boston, Mass 

Previous studies of nephritis have indicated that there is some alteration m 
patients witli Bright's disease in their handling of sulphur, more especially in 
relation to the nitrogen Therefore, in the present study it was decided to try 
the effect of sulphur-poor diets on patients with Bright’s disease The prob- 
lem of providing adequate amounts of nitrogen without sulphur was solved by 
using gelatin as the source of practically all the dietary nitrogen In practice, 
standard nephritic diets were used , patients were studied for three-day periods 
and during the test period, practically all the protein of the diet was given to 
the patient in the form of gelatin in the same amount as the previous protein of 
the diet These diets w ere difficult to take and the only cases reported are those 
which succeeded in eating all the diet 

Unfortunately, few control experiments of this type are recorded in the 
literature but those that are, indicate that gelatin is an incomplete protein and 
IS only partly utilized The degree of utilization varies and the estimates are 
that from 11 to 40 per cent must be made up by the breakdown of body protein 
The interesting thing about the figures as shown, is that if we take the sulphur 
as an index of the amount of nitrogen metabolized, it remains essentially the 
same during tlie gelatin periods as previously As these diets vvere adequate 
except for the protein and sulphur, it seems to us that this may be taken as an 
indication that there is an alteration in the utilization of sulphur in these pa- 
tients with Bright's disease In other words, tliese figures indicate that the 
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amount of the sulphur rich moiety of the protein molecule that is metabolized 
m such patients is only partly dependent upon tlie diet 

The Effects of Posture (Standing) on the Scrum Protein Concentration and 
CoUotd Osmotic Pressure of Blood from the Foot in Relation to the 
Formation of Edema By John B Youmans and (by invitation) H S 
Wells Dorothy Donley, and D G Miller, Nashville, Tenn 
The influence of posture on the serum proteins and osmotic pressure of 
blood in tlie foot was studied with reference to formation of edema, particu 
larly in persons with slightly lowered serum proteins Others have shown a 
general concentration of blood m the erect posture, apparently due to loss of 
fluid from the vessels in the dependent tissues but protein concentration and 
osmotic pressure of blood from the foot have not been determined Normal 
subjects after standing approximately an hour showed a 17 to 40 per cent con- 
centration of proteins and a 24 to per cent increase m osmotic pressure in 
blood from the foot In all cases the rise in osmotic pressure was relatively 
greater than the concentration of protein Concentration was much greater in 
the foot than in the arm The escape of fluid was indirectly indicated by an 
increase in leg volume but pitting edema was absent in most normals Patients 
with edema showed an increase m proteins of 14 to 33 per cent and m osmotic 
pressure of 23 to 46 per cent but the average increases were less than m nor- 
mals while the increase in leg volume was greater and the edema was demon 
strably increased 

4 Study of the Nasal Secretions tn Disease of the Upper Respiratory Tract 
By Perrin H Long and (by invitation) Eleanor A Bliss and Harriet 
M Carpenter, Baltimore, Md 

Studies of the nasal secretions during "colds” have shown that in the earlv 
hours of a " cold * many epithelial and mononuclear cells are found By the 
third day the cellular content of tlie nasal secretions is chiefly made up of poly 
morphonuclear leukocytes In many instances stained slide preparations of the 
nasal secretions late in ‘colds” faded to show appreciable numbers of bacteria 
It is suggested that the cellular reaction of tlie nasal secretions in colds " is a 
response to the infecting filterable agent rather than to the bacterial flora of 
tlie nasal passages 

Contraction of the Spleen %n a Case of Anemia with Splenomegaly By D K 
Miller (introduced by C P Rhoads) New York City, N Y 
Contraction of the spleen was studied during the lnl^a^enous injection of 
liver extract in a patient with anemia and splenomegaly This afforded an op- 
portunity to ascertain certain facts regarding the function of tlie human spleen 
as a reservoir of red and white corpuscles and blood platelets 

The spleen was visualized by x ray Its area was measured before and 
after the injection of liver extract Tlie contraction occurred during the in 
jection, which was given over a period of twenty minutes Tlie spleen re- 
gained Its original size after one half to six hours 

In a typical study the surface area of the spleen as measured from the 
X rays with a Kcuffel and Esser plammeter was 903 sq cm before the injec 
tion Immediately after the injection tlie surface area was 32 3 sq cm 
Twent> four hours later the area was 89 1 sq cm Accompanying this con 
traction there was an increase in the red cell count of 15 1 per cent The 
hemoglobin increased 21 5 per cent, and the white cell count 54 0 per cent An 
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increase in the number of blood platelets of 120 per cent occurred The fragil- 
itj of the red cells to sodium chloride solution was not altered 

Blood volume determinations by the vital red method of Rowntree showed 
no appreciable alteration There was a decrease in the plasma percentage of 
7 7 per cent 

From data of this nature it has been possible to estimate the relatue cellular 
composition of the blood gnen off from the splenic reservoir into the general 
circulation as a result of induced and observed contractions of the spleen 

The Nature of the Muscular Weakness in Graves' Disease By E Shore, 
H B Richardson and H G Wolff, New York City, N Y 
Muscular weakness is a common symptom in Graves’ disease In such pa- 
tients a very constant abnormality is the presence of excessive amounts of 
creatin m the urine Creatin in muscle has been shown to be combined with 
phosphoric acid as a labile compound, phosphocreatin (Fiske and Subbarow), 
now considered to be of primary significance for muscular contraction From 
experiments on certain pathological states, it appears probable that glycin is 
an important precursor of creatin This ammo-acid is readily synthesized in 
the bodj , chiefly in the liver 

Recently, considerable information has been obtained concerning the rela- 
tion between the muscular weakness and the disturbance of creatin metabolism 
in progressive muscular d>strophy Since the muscular weakness in Graves’ 
disease is often very great, and a creatinuna is common to both conditions, the 
creatin metabolism of patients with Graves’ disease was investigated Several 
analogies behveen the two syndromes were revealed Thus, in both (1) the 
ability to retain ingested creatin (presumably as phosphocreatin) was markedly 
diminished, (2) the ingestion of glycin resulted in large increases m creatin 
elimination, frequently greater in Graves’ disease than in advanced cases of 
progressive muscular dystrophy In some instances the rise was transitory, 
falling to lower le\els or disappearing with continued glycin feeding, (3) the 
ability to form glycin, as measured by hippunc acid excretion after the ad- 
ministration of sodium benzoate, was unimpaired Furthermore, following in- 
gestion of sodiuip benzoate, there was frequently observed a sharp increase in 
the creatin output, the significance of which is yet unknowm 

An additional point of resemblance was furnished by the observation that 
long-standing cases of Graves’ disease showed anatomical changes in the skeletal 
muscle similar in man> respects to those found in progressive muscular dys- 
troph\ (Askanazy) 

Following tlie administration of iodine to patients w'lth Graves’ disease, as 
\/as previously obsemed (Palmer et al ), there w^as a progressive fall in cre- 
atinuria to the normal lei el, usually accompanied by a fall in the basal metabo- 
lism During the latter phase, we gave creatin and glycin again, but now no 
increase in creatin output resulted This is analogous to what occurs in 
progressi-ve muscular dvstrophy after prolonged feeding of glycin Addi- 
tional ingestion of glycin and creatin then produces no increase in creatin out- 
put (Thomas, klilhorat and Techner) 

The factors causing these disturbances of creatin metabolism in Graies' 
disease are still obscure It is postulated that the processes maintaining the 
integrity of the phosphocreatin mechanism are taxed too severely by the per- 
sistently high metabolism One of these, the endogenous formation of glycin, 
was found to be normal However, though adequate in proportion to the body 
weight and the normal basal metabolism, its production may be low in proportion 
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to tile needs of an elevated total metabolism The increased demands resulting 
from the latter may lead to a progressive depletion of the elements invohed m 
the phosphocreatm system Whether iodine acts directly on this muscle media- 
nism m addition to reducing the basal metabolism, cannot be stated 

Conclusion The muscular wealoiess m Graves’ disease is the result of a 
reparable impairment of the phosphocreatm mechanism, and is of the nature of 
an acute muscular dystrophy similar m many respects to the disturbance in 
progressive muscular dystrophy 


The Effect of Conjiilsant Drugs on the Cerebral Vessels By Stanley Coed 
and (by invitation) Jacob E Finesinger Boston, Mass 
This paper is a report of microscopical observations through a window m 
the skull of the small arteries of the pia, and of tlieir reactions after the admin 
istration of convulsant drugs to the animal under observation The drugs used 
were caffeine ^vorm^\ood oil homocamfin camphor monobromate and picro- 
toxin The intravenous introduction of large doses of caffeine produced an 
acute constriction of the pial arteries followed by a generalized convulsion 
Small doses of %\ormwood oil gave a slight constriction of the pial artery fol 
lowed by a generalized convulsion large doses of wormwood oil produced a 
dilatation of the pial arteries before the onset of the generalized convulsion 
Homocamfin and picrotoxm produced a slight constriction of the pial artery 
preceding tiie con\ulsion Camphor monobromate gave a dilatation of the pial 
arteries preceding the convulsion These experimental convulsions were not 
preceded by a consistent type of vascular response to the drugs used 

The Nonprotein Iron of the Blood By J F McIntosh Peiping China 

Relatuely little attention has been paid to tliat part of the iron of the blood 
which is not contained m the hemoglobin molecule Most investigators have 
considered it as negligible Scarcely any determinations of it have been made 
in clinical cases 

The nonprotein iron of whole blood has been determined directly b> analysis 
of the trichloracetic acid filtrate In normals the average \alue found was 
1 02 mgm per 100 cc A variety of anemic cases were studied, including per- 
nicious anemia achlorhydric hypodiromic anemia and secondary anemias due 
to hemorrhage cancer and various infections In these, the nonprotem iron 
was reduced in proportion to the degree of anemia The different diseases do 
not show any grouping which deserves emphasis 

The greater part of the nonprotem iron is to be found in the red cells 


The Case of Captain Charles Martell JVhat It Has Taught Us About Gen- 
eralized Osteitis Fibrosa Cystica Bv Walter Bauer and (by in\ita 
tion) Charles L Short, Boston Mass 
The diagnosis of generalized osteitis fibrosa c>stica was first made m this 
country by DuBois in 1926 Through the kindness and generosity of Dr Du 
Bois we have been prmleged to study this patient, Captain Qiarles Martell, at 
various times during the ensuing six years Because of his courage interest 
in clinical investigation and desire to live as well as to help others live he per- 
mitted detailed clinic«al and metabolic studies on numerous occasions submitted 
to eight operations and asked that a complete necropsy be done at the time of 
his death 
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A detailed review of these studies rc\eals not onh the clinical and metabolic 
course of generalized osteitis fibrosa cjstica, its complications, the metabolic 
changes resulting from these complications, but also demonstrates the difficulty 
that may be encountered in finding the offending parathyroid tumor in this 
disease, as w ell as the pathological changes resulting from hyperparathy roidism 
of fifteen years duration 


The Conversion of Glycerol iff Glucose by ihc Animal Organism By F H 
Lashmet (by invitation) and L H Newburgh, Ann Arbor, Mich 
In Its metabolism, 10 per cent of fat is converted to glycerol On the basis 
that 100 per cent of glycerol is converted to glucose, it has been customary to 
consider 10 per cent of the fat of the diabetic diet as available glucose 

The data, upon which the conclusion is based that glycerol is completely con- 
verted to glucose, are very unconvincing, even as originally presented, and espe- 
cially so when recalculated 

Our investigation, emploving more recent methods than were available to 
older observers, seems to show that less than 30 per cent of glycerol is comerted 
to glucose If our work is substantiated, it is evident that only 2 or 3 per cent 
of fat IS converted to glucose 

Studies on the Oiigin of Plasma Proteins By Hobart A Reimann and (by 
invitation) Grace Medes and Luther C Fisher, Minneapolis, Minn 
Previous experiments indicated that an increase of blood viscosity due to 
increase of globulin and fibrinogen caused enhancement of the agglutination of 
bacteria Studies were then made to locate the source of these proteins which 
appear to be associated with the immune defense mechanism There are four 
theoretical sources of fibrinogen (a) liver, (b) erythrocytes, (c) bone marrow, 
(d) leukocytes Considerable presumptive evidence favors the latter two, espe- 
cially the leukocytes 

Leukoevtes were obtained by injecting aleuronat or gum acacia into the 
pleural cavities of rabbits The cells were disintegrated by freezing with liquid 
air and triturating in a mortar The resulting \iscid mass was redissolved in 
salt solution, dialyzed and fractionated wuth sodium sulfate Proteins with the 
salting-out characteristics of fibrinogen, globulin and albumin were present 
Immunologic tests are under way to test the identity of these proteins with their 
counterparts in tlie plasma 

Heavy suspensions of leukocytes in broth were placed in cellophan capsules 
and embedded subcutaneously in rabbits After 4 to 7 day's the capsules were 
removed The leukocytes had largely disintegrated and globulin- and fibrmo- 
gen-like proteins were detected in the broth Leukocytes were then destroyed 
in vivo by benzol injections or by exposure to x-rays In one benzol experi- 
ment tbe globulins and fibrinogen increased markedly as the number of circu- 
lating leukoevtes fell During the period of aplasia of the marrow, the fibrino- 
gen diminished Other experiments failed to give striking results In general, 
the fibrinogen tended to increase, and the total protein to dimmish at the ex- 
pense of the albumin fraction The marked leukopenia produced by x-rays 
caused but little change in the blood proteins The fibrinogen increased some- 
what immediately following the diminution of leukocytes 

These experiments indicate that globulin and fibrinogen may in part be 
derived from the decomposition of the leukocytic cells, especially of the poly- 
morphonuclear type in the circulation or in the hematopoietic system 
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Allergy and Imuimiiy tn Tuberculosis By Jonas S Friedenwald and (by 
invitation) Herbert Rothschild and Clarence Bernstein, Baltimore, 
Md 

A group of guinea pigs was made immune to tuberculosis and allergic to 
tuberculin by inoculation with a virulent strain of tubercle bacilli When al 
lergy had been well established one half of the animals were desensitized by 
daily subcutaneous injections of Koch s O T in increasing doses When 
allergy had been completely suppressed, tlie desensitized animals together with 
the allergic animals and a group of normal controls were inoculated in the 
groin, in the eye and in the skin with a virulent strain of tubercle bacilli The 
injections of tuberculin in desensitized doses were continued daily The re 
suits showed that the loss of allergy by desensitization was not accompanied by 
any loss of immunity 


Heterologous Scarlet Fever By James D Trask and Francis G Blake, 
New Haven Conn 

Two cases of scarlet fever which failed to respond to large doses of thera- 
peutic scarlet fever antitoxin were found to have a heterologous toxin in their 
blood The blood serum from these patients collected during the active stage 
of the disease elicited strongly positive skin reactions m certain Dick negative 
test subjects and no reaction in Dick positive subjects In vitro the serum was 
neutralized by the blood serum of the Dick positive individuals but not by that 
ot the Dick negative individuals 

A toxin was prepared from the hemolytic streptococci isolated from the two 
patients Both in the reactions it elicited on intracutaneous injection and by the 
results of neutralization tests it corresponded with tlie toxin in the blood sam 
pies mentioned above 

Accordingly, the above results taken m conjunction with our previous stud 
les show that heterogemcity exists among the toxins found in the blood during 
scarlet fever and among the antitoxins found in the blood serum of normal indi- 
\ iduals 


Electrocardiograms that Record the Potential Variations Produced by the Heart 
Beat at a Single Point By Paul S Barker Frank N Wilson and 
(by invitation) Franklin D Johnston, Ann Arbor, Mich 
A method has been devised which makes it possible to record the potential 
variations produced by the heart beat at a single point This method has been 
used to explore the electric field produced by the heart at the body surface in 
bundle brancli block ventricular hypertrophy coronarj occlusion and other car- 
diac conditions By this means, it is possible to compare the potential varia 
tions that occur at points near the heart with the potential variations of tlie 
extremities In general it is found that the potential variations of a given ex- 
tremity are similar to those that occur on those surfaces of the heart that face 
toward tlie attachment of that extremity In the common tj-pe of bundle 
branch block and in left ventricular enlargement the potential variations of the 
left arm are similar to those that occur over those portions of the prccordium 
that overlie the left ventricle, the potentials of the left leg are similar to those 
that occur over those portions of tlie precordium that overlie the right ventricle 
Characteristic curves are obtained from the precordium when tlie anterior Aur- 
face of the heart is infarcted 
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The Effect of Vagus and Sympathcltc Sitmulatwn on the Coronary Flow in 
Retried Human Hearts By William B Kou^TZ (introduced DaMd 
P Barr), St Louis, Mo 

Human hearts have been revived in the bodj b> perfusion The hearts 
were perfused through an aortic cannula until they began to beat stronglj 
Cannulae w ere then inserted into tlie right coronary arter> and into the circum- 
flex branch of the left coronary artery These were then connected to a reser- 
voir of perfusion fluid, the height of which could be regulated so as to ob- 
tain any desired pressure In some experiments anotlier reservoir containing 
Locke’s solution free of calcium or with excess of calcium was arranged in the 
perfusion circuit The flow of fluid from the reservoirs was measured bj a 
vmlumetnc recorder 

When tlie coronary vessels were perfused with buffered Locke’s solution 
containing at least 15 per cent blood, stimulation of the peripheral end of the 
vagus nerve slowed the heart rate and increased the coronary flow Stimula- 
tion of the sympathetic produced exactly opposite effects under the same cir- 
cumstances 

Further analysis was made by stopping the heart through removal of cal- 
cium from the perfusing solution or through tlie addition of an excess of 
calcium In some experiments changes in the pH of the perfusion fluid in 
the range from 7 0 to 7 8 were made 

It was found that when hearts were stopped by removal of calcium or bv 
reducing tlie pH of the perfusion fluid to about 7 0 vagus stimulation had no 
influence on the coronary flow Sympatlietic stimulation on the otlier hand 
increased the flow When the hearts were stopped by an excess of calcium or 
by increasing the pH to about 7 8 vagus stimulation increased the coronary 
flow, while sympathetic stimulation had no influence upon it 

In the beating heart the mechanical factor of change in heart rate makes it 
difficult to evaluate the effect of the sjmpathetic and vagus activity on the 
heart It is suggested that changes in the coronary flow in tlie arrested hearts 
may be due to change in tone 

Further Obscrzations on the Use of Chest Leads xn the Electrocardiographic 
Study of Coronary Occlusion By Charles C Wolferth and (by in- 
vitation) Samuel Bellet, Thomas M McMillan, and Francis Clark 
Wood, Philadelphia, Pa 

Fiftj -seven cases of acute coronary occlusion and 280 controls, both normal 
and pathological, were studied with chest leads and limb leads The following 
facts developed 

1 Twentj -three of our fifty-seven cases of acute coronary occlusion showed 
signs of recent cardiac infarction in an anteroposterior chest lead (Lead IV) 
and not in limb leads, at some time during their course 

2 Three tj-pes of left v entncular infarction hav e been seen at necropsj tlie 
anterior (5 cases), the posterior (1 case) and the lateral (1 case) Lead IV 
helps to differentiate these tj'pes electrocardiographically In our series of 57, 
33 were anterior, 18 were posterior, 5 were probably lateral, and 1 was not 
classified 

3 Huge upright T-waves m Lead IV probably signify acute or subacute 
anterior infarction 

4 The advantage of Lead IV over limb leads is seen mainly in the studj of 
cases of anterior infarction Twenty-one of thirtv -three acute anterior cases, 
at some time during their course, showed diagnostic findings in Lead IV and not 
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in limb leads Moreo\er, Lead IV sometimes helps to differentiate T-1 in- 
versions produced by healed anterior infarction from those due to other causes 

5 In our cases the pain of anterior infarction has usually been situated 
lower in the chest than the pam of posterior infarction 

6 Anterior infarction seems to have a less fa\orable prognosis for life and 
for adequate recovery than posterior infarction 

7 A standard normal electrocardiogram in the anteroposterior chest lead is 
as readily obtainable as a standard in limb leads 

8 S-T interval deviations caused by conditions other than acute coronary 
occlusion are if anything less confusing when chest leads are used witli limb 
leads They rarely resemble the typical electrocardiographic picture of eitlier 
of tlie two common t>pes of coronary occlusion 


Bone hesxons m Yaws By Thomas B Turner and (b> invitation) George 
M Saunders Baltimore Md 

Approximatelj 10 per cent of 1100 yaws patients studied in Jamaica ex 
hibited lesions of the bones, although among individuals infected less than five 
jears the incidence was 14 per cent The characteristic lesion as revealed by 
roentgen ray consists of multiple small areas of rarefaction m the cortex with 
or without periosteal proliferation rarely periostitis occurs alone Often there 
IS new bone formation about the areas of rarefaction giving rise to clinically 
recognizable enlargement and deformity of the bone The long bones are 
chiefly affected The onset of typical lesions has been observed as early as one 
month and as late as fifteen >ears after infection with yaws Persistent dull 
piin IS the most prominent svmptom and active lesions may persist for several 
>ears eventually healing spontaneously or extending to involve the overljing 
soft parts with subsequent development of chronic ulcers If not too far ad- 
vanced there is prompt response to anti yaws treatment Photographs of tlie 
clinical and roentgenological appearance of typical bone lesions were shown 


Preliminary Report on the Treatment of Chronic and Snhaente Infections 
Arthritis by Artificial Fever By Lawrence A Kohn and (by invita 
tion) Stafford L Warren Rochester, N Y 
Forty three patients in the mam with purely atrophic, proliferative, and some 
mixed types (infectious and degenerative arthritis), in various stages of dis 
ability deformity, and chronicity (six months to fourteen >ears) have been 
subjected to one or two treatments of artificial fever No cases of gonorrheal 
origin or purely degenerative arthritis have been included Twen^ one pa- 
tients were treated in 1931 of these five have not returned in 1933 (one was 
not improved and tfie rest were improved when last heard from after 1 to 14 
montlis) Twenty two patients were treated in 1932 (of these two have not 
returned and one was unimproved one month later and has been lost sight of) 
The results have been quite consistent in thirty five patients, in all but two of 
whom pain has rapidly diminished and mobility of joints has increased a 
steady improvement in the condition of the patient a gam in weight (2 to 
17 kgm ), and disappearance of pallor hive occurred m tlie following four to 
SIX months 

Relapses have occurred at tlie end of 12, 20 and 24 months respectively m 
tliree patients in whom another treatment has been successful in giving relief 
Eight incapacitated patients have been able to earn a living 
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Antibody Response to Pucinnococac Infections By Ma\\\ell Finland and 
Alexander W Winkler (introduced by Qiester S Keefer), Boston, 
Mass 

One hundred and fiftj -eight patients from whom pneumococci of larious 
tjpes (Cooper) other tlian T3'’pe I w'ere isolated w'ere studied w'lth reference 
to the formation of antibodies Of these, 110 were patients with pneumonia 
and tlie remainder had other acute or chronic respiratorj' infections Tests for 
serum agglutinins w'ere carried out before and after crisis by the use of anti- 
gens prepared from a lanety of type-specific pneumococci Each serum was 
tested W'lth one or more antigens of the type homologous with that recovered 
from tlie patient and, in addition, against a number of antigens of heterologous 
tjpes In the case of Types II, III, V and VIII protection tests were also 
carried out 

The results show'ed that agglutinin formation can be demonstrated in the 
course of pneumonia and occasionally' of other infections associated with the 
finding of some of the new types of pneumococci The specificity of the anti- 
body response is similar to that commonly' observed in infections with Type I 
pneumococci In particular, homologous type-specific antibodies were demon- 
strated m patients from whom the following types were obtained Types II, 
III, V, VII, VIII, IX, XII, XIV, XVII, XVIII and XIX Among the pa- 
tients with Types II and V (Ila, Avery) pneumococci, homologous tvpc- 
specific antibodies were found for each type, with only occasional development 
of heterologous antibodies as demonstrated by mouse protection tests With 
Types III and VIII (atypical III, Sugg and Harris) a similar specificity in 
the production of antibodies occurred, but, in addition, there was some produc- 
tion of Type III antibodies in pneumonias associated with Type VIII pneumo- 
cocci and vice versa 

The findings, in general, tend to confirm the biological identity of the newly 
classified types and point toward their etiological relationship to human disease 

Digestion Efficiency m Simple Vndcrniitrition By J M Strang and H B 
McClugage (bv invitation) and Frank A Evans, Pittsburgh, Pa 

Nine undernourished patients increased their diets to a daily average of 
3475 calories on which they gamed an average of 7 3 kgm in 5 6 weeks The 
average weight of the food was 1926 grams per day The average daily weight 
of tlie stool was 165 grams or 8 5 per cent of the food intake This ratio varied 
according to tlie water content of food and stool The food solids bore a 
fairly constant relation to the stool solids from week to week The average 
weight of the food solids was 549 grams, of the stool solids, 31 grams This 
represents a digestion and absorption efficiency of 94 per cent The nitrogen 
m the stools averaged 1 3 gram per day, or 12 per cent of the food nitrogen 

Tliese studies indicate an ability on the part of patients with uncomplicated 
imdemutrition to digest and absorb sufficient food to gain rapidly 

Congenital Heart Disease Coinphcating Pregnancy A Report of Sivtccn Cases 
Bv Burton E Hamilton (bv invitation) and Robert Sterling Palmer, 
Boston, Mass 

Congenital heart disease is not a common complication of pregnancy At 
the Boston Lving-in Hospital in over 500 cases of organic heart disease, con- 
genital heart disease comprises less than three per cent It is found as a com- 
plication of pregnanev once in 3000 patients This very rarity, plus the fact 
that the striking physical signs of congenital heart disease sometimes impress 
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the first observer unduly and lead him to make an unnecessanlj grave prognosis 
and finally a practical dinical lesson which we have d^a^vn from our experience, 
has prompted us to make this report We are presenting m addition to our 
sixteen cases the scattered reports of fifteen cases encountered in the literature 

We feel justified in drawing the following conclusions 

1 Coarctation of tlie aorta is to be considered in any case of unexplained 
persistent hypertension Tlie prognosis for the mother when this condition com 
plicates pregnancy is probably good The fetus may die in utero, possibly 
due to diminished circidation to the lower half of the body 

2 Congenital complete heart block is not a serious complication of preg- 
nancy 

3 Patent ductus arteriosus is compatible with successful childbearing, only 
one in eleven cases having symptoms which could be considered at all serious 
We suspect that the same may be said of intraventricular septal defect if opera- 
tive delivery and obstetrical manipulations in themselves likely to induce shock 
can be anticipated and avoided The danger probably lies in a reversal of the 
left right to a right left shunt brought about by a fall in systemic pressure 

4 Experience with six pregnancies in one patient with preexisting right 
left shimt suggests that operative delivery or obstetrical procedures likely to 
induce hemorrhage or shock raa> cause a serious and alarming exacerbation 
of this shunt However, compensatory meclianisms already present may make 
the danger less formidable in these cases 

Do the Thebesian Vessels Plcy Any Role tn Snpplving Blood to the Heart? 
By L N Katz and (by invitation) Kenneth Jocnm and Anne Bohn 
INC Qiicago, III 

Wearn s contention of the auxiliary role of the Thebesian vessels has re- 
cently been questioned We have reinvestigated the problem, using a system 
by which the cannulated coronary arteries and coronary sinus form a arcuit 
distinct from the cardiac chambers and great vessels the only communication 
possible between tlie two circuits is by way of the Thebesian vessels Bismuth 
injected into the cardiac circuit appeared in the coronary circuit as evidenced 
by chemical analysis of the coronar> sinus blood Bacteria injected into the 
coronary circuit also appeared in the coronary sinus blood and were found his 
tologically in the capillaries and coronary vessels The Thebesian vessels can 
tlierefore carry blood from the heart chambers into the coronarj circuit but 
the amount carried is still undetermined 

The Calongenic Action of Thyroglobnlin and Us Constituents By J Lehman 
and W T Salter Boston, Mass 

It has previously been shown by us that thyroxin pol> peptide is as active 
when given b> mouth as vs hen given parenferally, and that ids activity is pro- 
portional to its iodine content when compared with crystalline thjroxin Using 
the metabolic response of untreated myxedema patients to thyroxin polypeptide 
given in dosage of one milligram by mouth daily as a standard we find in 
three assavs of whole thyroid gland with an equivalent thyroxin content and 
in four assays of whole thyroid gland with an equivalent total organic iodine 
content tliat the calongenic action of whole thyroid gland depends upon its 
total organic and not upon its thyroxin (active) iodine content 

In another studv 20 patients with treated myxedema were given in sue 
cession thyroid gland preparations from different sources for periods of time 
sufficient to determine tlie maintenance level of metabolism for each i vj u 
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The results indicate that the ration of a preparation of th>roid which will 
maintain a definite Ie\el of metabolism in a gncn patient or change this Ie\cl 
IS dependent upon its total organic iodine and not its tlnroxin (actue) lodmc 
content Since diiodot^uosm (the soluble iodine fraction in lodothjroglobulin) 
IS inactive calongemcally when given alone, there remains to be explained the 
mechanism bj which it assumes calongenic properties when linked with other 
amino-acids in lodothj roglobulin 

One patient with mjxedema was fed thvroglobulm obtained from hvper- 
plastic glands, two others were fed th} roglobulin obtained from colloid glands 
The calongenic response in eacli case was proportional to the total iodine con- 
tent Diiodotj rosin peptone, obtained by peptic digestion of thj roglobulin, was 
inactive in one patient, whereas thjroxin peptone obtained m this wa> was 
active in the same patient in proportion to its iodine content 

The results thus far indicate that no calongenic activity is lost in the isola- 
tion of thyroglobulin from whole thyroid gland and that diiodotj rosin loses 
its activity m the first stage of proteoI}'tic digestion of thj roglobulin 

The Elastic Properties of the Emphysematous Lung and Their Clinical Sig- 
nificance B} Ronald V Christie, Montreal, Can 

The elastic properties of tlie lung have been analj sed in cases of emphysema 
by means of simultaneous tracings of tlie tidal air and interpleural pressure 
With inspiration and expiration the interpleural pressure is found to fluctuate 
around that of the atmosphere, and an almost complete loss of the pulmonary 
elasticitj can be demonstrated These changes can also be shown b> vital 
capacitj tracings, the reserve air if taken alone being greater than that taken 
after the complemental air The respiratory level also shows characteristic 
fluctuation 

The significance of these findings with regard to tlie increase in lung volume, 
and the djspnoea and orthopnoea in emphysema is discussed, the paradoxical 
movement of the diaphragm during expiration being emphasized and explained 
on what is shown to be an active expiratory effort of the extrinsic muscles of 
respiration To prevent this paradoxical movement a tight abdominal binder 
has been used in the treatment of emphysema, with encouraging signs of 
symptomatic relief 

The relationship of the loss of elasticity to unequal ventilation of tlie lungs 
in emphysema is also discussed 

The Association of Acalcification of Dentine until Hypoparathyroidism in Rats 
and the Cure of Same xiith Parathormone, with some Correlated Observa- 
tions in Man By Fuller Albright and (by invitation) Moses S 
Strock, Boston, Iilass 

The first interrelationship to be demonstrated between the parathyroid 
glands and calcium metabolism was m 1911 by Erdheim He showed tint 
parathyroidectomy in tlie rat is followed by acalcification of that dentine which 
IS formed subsequent to the operation It has surprised some observers that 
acalcification should occur in hypoparathyroidism when decalcification is such 
an important part of hyperparathyroidism. The work of Erdheim has been 
repeated with similar results, and, vvitli the aid of parathormone, strata of acal- 
cified dentine followed by strata of calcified dentine have been produced at will 
Decalcification of the dentine was never produced The data are in accordance 
with the view that metabolic processes can cause acalcification of dentine, hut 
not decalcification Confirmatory observations from the teeth of patients with 
hvpo- and hvperparatliy roidism are made 
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Observations upon the Refractory Period of the Auricular Extrasystolc m the 
Mammalian Heart By E Cowles Andrus and (by invitation) Paul 
Padget, Baltimore, Md 

The Production of Inflammatory Lesions tn the Hearts of Animals Allergic to 
Hemolytic Streptococcus By Caroline C Bedell and Rawley M 
Penick (bv imitation) and Benjamin M Barer, Jr, Baltimore, Md 
Seegal, Seegal and Jost recently produced, by the intrapericardial injection 
of the homologous antigen an intense inflammatory reaction in tlie pericardium, 
heart and aorta of rabbits sensitized to egg white The present report has to 
do with similar observations upon animals made sensitive to a beta hemolytic 
streptococcus Twenty eight normal rabbits received, over a period of several 
weeks, 0 1 cc of a saline suspension of living organisms into the skin At 
varying intervals after the beginning of sensitization the pericardial sacs were 
exposed and 2 cc of vaccine prepared from tlie streptococcus employed were 
injected The animals were killed twenty-four hours to six days later and the 
hearts were examined both grossly and microscopically Twenty five of these 
showed varying degrees of pericardial and myocardial inflammatory reactions 
somewhat similar to tlie changes described by Seegal, Seegal and Jost One 
other had extensive changes confined to the pericardium only and the other two 
had but slight pericardial changes Experimental lesions were compared with 
the spontaneous lesions of tliirty one normal rabbits Another control group 
was composed of twenty normal unsensitized rabbits which were subjected to 
tlie pericardial injections similar to those described above Many of ftese had 
minimal pericardial inflammatory reactions but in all but one the heart muscles 
were normal 

The Action of Oxygen in Counteracting the Effects of Alcohol By Alvan 
L Barach, New York City, N Y 

The mgestion of alcohol by a subject performing a standard exercise test 
resulted in a marked increase in the pulse rate respiratory rate and pulmonary 
ventilation above the response of the same subject without alcohol When 
oxygen was inhaled instead of air, there was a consistent reduction in the pulse 
rate, respiratory rate and pulmonary ventilation of the alcoholic subject. The 
inhalation of oxygen in the normal exercising individual also resulted in a lower 
pulse rate respiratory rate and pulmonary ventilation than that obtained when 
the exercise was conducted in air, but Uie percentage difference between the 
effect of oxygen in the alcoholic subject was considerably greater than in the 
non alcoholic subject, suggesting that the inhalation of oxygen tended spe 
cifically to counteract the handicapping influence of alcohol on muscular exercise 
The psychological manifestations of alcoholism were slightly too moderately 
relieved or prevented hy the inhalation of oxygen, but this varied considerably 
in individutd subjects 

The Simple Dialysatc Nature of Edema Fluids Contrasted j/ith the Specialiccd 
Composition of Cerebrospinal Fluid By Dorothy Rourre Gilligan 
and Marie C Volk (by invitation) and Herrman L Blumgart Bos 
ton Mass 

The concentrations of certain electrolytes and non electrolytes in ascitic 
chest and subcutaneous edema fluid have been compared to the concentrations in 
both arterial and venous blood serum in twenty seven instances in patients with 
nephritis, cardiovascular disease, carcinoma and cirrhosis of the liver 

The differences in the concentrations of the various electrolytes between tlie 
sera and fluids are governed by the differences in tlie protein contents, regard 
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less of the site of fluid formation or the underhing diseased state studied Tlie 
distribution, in terms of uater content, of sodium, chloride, and bicarbonate 
behveen serum and the edema fluids is in close agreement w ith that expected for 
simple dial} sates in accord with Donnan’s membrane equilibrium law, when 
the source of tlie blood sample is considered The average distribution ratios 
found \\ ere 


(Na'^) edema fluids 


= 096, 


(Cl") serum 


(Na'^) serum edema fluids 

(HCO,~) serum 


:0 98, and 


(HCO„") edema fluids 


:0 96, 


for serum representatiie of blood midway between arterial and venous The 
theoretic Donnan ratio for this senes was 0955 These results indicate that 
no bicarbonate is “ bound ” in the serum The distributions of calcium, potas- 
sium, and inorganic phosphate indicate that fractions of these substances arc 
bound in the serum The concentrations of the non-electrolytes, sugar, total 
nonprotein nitrogen and creatimn were practically equal in serum water and 
corresponding fluid water, in accord with a simple dialysate nature for these 
body fluids The distribution of the substances between serum and the edema 
fluids corresponds to the distribution found by Greene et al (J Biol Chem , 
1931, xci, 183) and otliers, between plasma and “ in vivo” dialysates 

Our investigations show that the edema fluids studied are simple dialysates 
in equilibrium with blood plasma This finding supports the hypothesis that 
these fluids ha\e collected in abnormal amounts by virtue of an imbalance of 
the normal forces of formation and reabsorption and is in harmony with the 
concept that edema is primarily a quantitative rather than a qualitative ab- 
normality 

A comparison of our studies with the spinal fluid measurements of other 
investigators has an important bearing on the theories regarding the mechanism 
of spinal fluid formation by tlie choroid plexuses, for it indicates that spinal 
fluid IS not a simple dialysate The concentrations, expressed in terms of water 
content, of sugar, creatimn, total nonprotem nitrogen, and inorganic phos- 
phate, are much lower in the spinal fluid than in tlie serum, contrasted with 
practically equal concentration of tliese constituents m edema fluids and serum 
The calcium content of spinal fluid is lower than the calcium content of edenn 
fluid with similarly low protein content or than the " m vivo ” dialysate The 
difference in chloride concentration between serum and spinal fluid is mucli 
greater tlian the chloride difference between serum and the edema fluids or the 
“in Mvo" dial}sate, when the differences in protein concentrations between 
the sera and the two types of fluid are similar Expressed in terms of water 
content, the ratio ((Cl") serum/(Cl") spinal fluid) is too low to accord with 
the theoretic Donnan ratio and conversely, the ratio ( (HCOj") serum/ 
(HCOj") spinal fluid) is too high The choroid plexus must be considered a 
specializ^ structure and the fluid elaborated from it a specialized fluid rather 
than a simple dialysate 


The Basal Respiratory Quotient and the Effect of a High Fat Meal on the 
Respiratory Quotient and Heat Production of Normal and Obese Indi- 
znduals B} Byros D Bow'en and (b} invitation) Fred R Griffith, 
Jr , and Gr xce E Sly, Buffalo, N Y 
An attempt to demonstrate a qualitatne metabolic difference between obese 
and normal indiMduals was undertaken All subjects had preiiousl} taken an 
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unrestricted diet and were given the same test meal (100 grams of butter and 
50 grams of mayonnaise) The Tissot spirometer and the Haldane gas ana- 
lyzer were used Tests not showing fairly steady ventilation volumes and CO 
percentages in the expired air were rejected in order to eliminate the influence 
of hyperventilation The effect of the meal was observed for six to ten hours 
The basal respiratory quotients of normal and obese subjects were 0 825 and 
0 767 — an average of 13 and 21 determinations (subjects) respectively A 
similar difference was observed by Hagedorn et al , although the \alues ob 
tamed by them were higher due to a diet which had been rich in carbohydrate 
The ingestion of tlie fat meal brought the quotients of botli groups to approxi 
mately the same levels — about 080, indicating that both groups derived their 
extra energy for tlie specific dynamic action from the combustion of a similar 
mixture of carbohjdrate and fat This is opposed to the conclusions reached 
by Strouse and his coworkers from similar studies on a much smaller group 
Similar studies made on a group of 11 obese diabetic patients at a time when 
the diabetes was under control by diet (but one had been taking insulin), 
showed the average respiratory quotient to be 0 765 The rise after the fat 
meal was less (0 782) than m the non diabetic obese group suggesting that 
the a\ailable carbohydrate reserve is less m the diabetic 

The specific dynamic action was essentially the same for all groups, which 
opposes the idea tliat obese individuals are unique in this respect 


Levels of Lactic Acid in Blood from Peripheral Vessels of Normal Subjects 
and Subjects zvith Claudication By George E Brown and (by invita- 
tion) Grace M Roth, Rochester Minn 
Levels of lactic acid sugar, oxygen content and saturation of tlie blood of 
the femoral and brachial arteries and femoral and basilic veins have been stud 
led in norma! subjects and in subjects with occ!usi\e disease of the major 
arteries of the upper and lower extremities The relationship of levels of lactic 
acid and sugar has been investigated in relation to exercise and ischemic 
pains (claudication) The effect of cervicodorsal and lumbar sympathetic 
ganglionectomy on the lactic acid has been studied A correlation has been 
demonstrated bet^vee^ the levels of lactic acid in the %enous blood and the 
excessive fatigue and pain of intermittent claudication The correlation is not 
sufficiently high however, to indicate a causal relationship between the two 


Obserzfations on the Circulation During and After Pregnancy By C Sidnev 
Burwell Nashville Tenn,and (by in\itation) W Davio Strayhorn 
Jr New York City N Y 

Normal young women in the early months of pregnancy were selected and 
trained as subjects The acetylene method of Grollmin was used to determine 
the cardiac output per minute it was applied under the usual standard condi- 
tions m regard to rest and food Observations were begun m the third or 
fourth month of pregnancy and continued at intervals of 2 to 6 weeks until 
delivery They were repeated during the puerpenum in each case 

In three of five women not only was there definite increase in cardiac output 
during pregnancy but this was greater than the increase in oxygen consump- 
tion so that the arterio\enou‘; difference was decreased 

In two patients there was no consistent elevation of cardiac output during 
pregnancy although isolated observations showed ■\'alues abo\e normal These 
patients had no unusual respiratory or circulatory symptoms or signs 
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In three women tlie cardiac output during the last weeks of prcgnancj was 
lower than during se\eral months preceding In two of them it approached 
die ^alues observed after deluerj 

In all fi-ve women die cardiac output and the A-V difference after delncrj 
w ere not be> ond the limits of normal 

No striking variations in blood pressure w'ere observed The pulse was 
more rapid during than after pregnancy 

Water and Sodtiim Chloride Balanec in Patients Before and After Surgical 
Operations By John D Stewart and John H Talbott (by imita- 
tion) and Edward D Churchill, Boston, Mass 

The w'ater and salt balances of 16 patients were studied in several types of 
surgical operations In 3 patients on whom a herniotomy was done no signifi- 
cant negative balance of sodium chloride was observ'cd The largest decrease 
m serum chloride w'as 3 0m Eq , the average weight loss in the 5-day period of 
observation was 2 5 kgm 

In 4 patients on whom a partial gastrectomy was performed the average 
negative balance of sodium chloride was 44 grams The average decrease in 
serum chloride w'as 2 7 m Eq and the greatest weight loss was 1 7 kgm In 
calculating the salt balance account was taken of chloride in vomitus and urine 
only In the absence of diarrhea a small amount was presumed to be excreted 
m the stools The remainder of the amount not accounted for was assumed to 
be lost in the sweat and drainage from tlie wound 

In 2 patients, on w'hom three-stage thoracoplasties were done, interesting 
findings W’ere the changes in serum chloride Four days after the first stage 
operation tliere was a decrease of 12 4 and 18 7 m Eq in the respective patients 
Following the second stage operation the greatest fall was 6 6 and 8 0 m Eq 
and follpwing the third stage was 1 4 m Eq in the first patient In the absence 
of noteworthy changes in the sodium chloride intake and output the above is 
taken as e-vidence of adjustment and adaptation to repeated loss of salt 

Transformation and Dissociation of Pneumococcus By M H Dawson, New 
York City, N Y 

Previous work on transformation of type-specific pneumococcus by in vitio 
procedures is briefly review’ed Evidence is presented which suggests that S 
forms of one specific type may be directly transformed into S forms of other 
specific tvpes without passing through the intermediate R phase 

A new colonv \anant of pneumococcus is described This new colony 
^a^lant presents characteristics strikingly different from those of the previously 
described R and S forms The morphology of the individual organisms con- 
stituting the new colony xariant is also quite unique Evidence is presented 
which suggests that the new phase of pneumococcus is an indirect and not a 
direct product of the parent form, from which it is derived On the other 
hand reversion of the new phase to its parent form appears to be sudden and 
abrupt The observations indicate that the evolution of the various phases 
may be cvclical in character 

Bacterial dissociation in other species will be briefly discussed and the 
place of the new phase of pneumococcus in the general phenomenon of bacterial 
dissociation indicated The evidence suggests that it will be necessary to revise 
the currently accepted terminology for dissociate forms of pneumococcus in 
accord with* the follov ing (1) M (mucoid) — formerly S (smooth), (2) 

S (smooth)— formerly R (rough) , (3) R (rough)— not previously described 
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Studies on Effective Bartum Chloride Dosage By Arthur C De Graff and 
(by invitation) Jean A Curran New York Citj N Y 

In 1909 Rothberger and Winterberg*s fundamental researches established 
the basis for the present clinical use of barium chloride. It was found that 
small amounts injected intravenously in dogs prevented ventricular standstill 
after combined nerve stimulation Applying this finding to Adams Stokes' 
syndrome Cohn and Levine in 1925 prevented seizures of ventricular standstill 
with doses of 30 to 60 mgm three times a day On the other hand as much 
as 0 6 of a gram a day has been given ivithoat tovicitj or benefit Because 
of this confusion as to dosage both therapeutic and toxic, the present investiga- 
tion was undertaken first to ascertain if a definite end point of effective dosage 
could be determined second to determine the effective barium chloride dosage 
on dogs uninfluenced by any anesdietic, narcotic or operative preparation and 
third to compare dosage by vein and by mouth in both dog and man Since 
in any drug m which the end point of therapeutic effect is in doubt, it is de- 
sirable to increase tlie dosage to the point of mild toxicity, experiments were 
carried through to this level 

It was found that in dogs 041 to 091 mgm injected intravenously per 
kilogram of body weight caused mild toxicity and unmistakable changes in the 
electrocardiogram namely ventricular premature contractions, frequently with 
coupling and changes in the character of the T wave When given by mouth 
9 7 to 189 mgm were needed to achieve similar results Doses of over twice 
this amount caused moderately severe toxicity, but there were no fatalities 
In man 063 to 0 88 mgm per kilogram of body weight were needed intrave- 
nously to give a definite end point, while 3 7 to 13 2 mgm per kilogram had to 
be administered by mouth to get parallel results It was found that intrave- 
nously the greater tlie speed of injection the greater the effect Electrocardio 
graphic dianges caused by barium clilonde given by moutli generally persisted 
as long as G to 7 hours but disappeared inside of 18 hours 

Conclusions 

1 The electrocardiogram reveals changes following barium chloride which 
are constant and furnish an end point as a definite guide in effective dosage 
This IS probably above the therapeutic dosage and though mildly toxic is far 
below the lethal dose 

2 The electrocardiogram furnishes a guide as to the rate of elimination 

3 Using these end points fairly constant relationship exists between the 
kilogram body weight and effective intravenous dosage 

4 For a given speed of injection there is a remirk-ably close comparison 
of effective dose by vein per kilogram of body weight between subjects both 
dog and man 

5 Using electrocardiographic changes as our end point of dosage we have 
shown the variability of comparative effective dosage by moutli from one 
subject to another 

An Aid in the Diagnosis of Subacute Bacterial Endocarditis Bv Clifford 
L Derick and Samuel A Levine Boston "Mass 

Derick and Fulton in their paper on skin reactions of patients and normal 
individuals to protein extracts of streptococci reviewed the literature concerning 
tile response of patients wntli subacute bacterial endocarditis to skin injections of 
streptococci and their products 

Since that time we have continued these observations In all, 20 patients 
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^\lth this disease have been studied Thirteen of these sho\\ed a positive blood 
culture The other 7 had all the clinical evidences necessary for this diagnosis 
Nucleoprotein extracts of heniolstic, green and indifferent streptococci verc 
used as test materials Onlj one case in which the diagnosis was not confirmed 
b} blood culture shoved a mildl> positive response to the hemol>tic streptococcus 
nucleoprotein In all the other instances the tests were negative In addition, 
one patient was tested with 0 2 cc of a 24-hour broUi culture of the autogenous 
vindans strain and another with approximately twenty million living organisms 
of Streptococcus scarlattuac Both of these patients failed to show any reaction 
All cases where subacute bacterial endocarditis was suspected on admission 
were tested as a routine procedure Since none of the patients proven to have 
subacute bacterial endocarditis showed a reaction, the finding of a positive 
test practican> rules out this diagnosis We have found this test of considerable 
diagnostic value 

The Effect of Arteriosclerosis and of Benign and Malignant Hypertension on 
the Area of Hisfamuic Flares By A Carlton Ernstene and (b) in- 
vitation) Maurice Snyder, Cleveland, Ohio 
In 30 normal individuals between the ages of 18 and 58 jears, the average 
area of the flare produced by injection of histamine into the skin of the fore- 
arm was 31 sq cm The smallest flare observed had an area of 18 sq cm, 
while an area of less than 25 sq cm w'as observed in only 6 individuals In a 
group of elderlv subjects with advanced grades of arteriosclerosis but with 
normal arterial blood pressure, flares of reduced area usuallv were recorded, 
while in other patients with slight or moderate thickening of the arterial walls, 
little or no diminution was the rule Flares of normal area were obtained in 
21 individuals with essential hvpertension of the benign type In 11 subjects 
with malignant hypertension however, the average area of the flare was 14 
sq cm and m only one patient did it exceed 19 sq cm Only two of the 
patients presented an advanced grade of arteriosclerosis 

Lewis demonstrated that the flare following a histamine stimulus results 
from dilatation of the strong arterioles of the skin The diminution in the 
area of the flares observed in subjects with malignant hypertension and in those 
with advanced arteriosclerosis suggests the presence of structural changes in 
the walls of these vessels, although in malignant hypertension the possibility 
of severe and permanent vasoconstriction must be considered 

Tlie results of the inv'estigation indicate that measurement of the size of 
the histamine flare affords data of considerable importance in the clinical study 
of patients with essential hvpertension 

The Relationship of Cerebrospinal Fluid Pressure to Systcintc Blood Pressure 
By Frank Fremont-Smith and (by invitation) H Houston Merritt, 
Boston, Mass 

A comparative study of systemic blood pressure and cerebrospinal fluid 
pressure has been made in over 1600 patients 

In 1418 patients the systolic blood pressures ranged from SO to 300 mm Hg 
and the diastolic blood pressures ranged from 30 to 190 mm Hg A study 
of these cases showed no significant correlation between the level of blood 
pressure and the cerebrospinal fluid pressure 

In 125 patients with elevated cerebrospinal fluid pressure, varying from 
200 to over 1300 mm of water, the blood pressure was rarely elevated except- 
ing when the cerebrospinal fluid pressure was extremely high, approaching the 
level of the normal diastolic blood pressure In 22 cases witli cerebrospinal 
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fluid pressure var>ing from 500 to 800 mm of water, onl> 4 had a systolic 
blood pressure of ISO mm Hg or over 

In 63 patients witli uremia or congestive heart failure, tlie cerebrospinal 
fluid pressure was frequently elevated but showed no correlation with the 
systemic blood pressure 

These results indicate that in man, as has been previously shown in animals, 
tlie cerebrospinal fluid pressure is not directly related to the systemic blood 
pressure and that an elevation of the cerebrospinal fluid pressure has no ap 
preciable effect on the systemic blood pressure tmtil the cerebrospinal fluid 
pressure level approaches the normal level of the diastolic blood pressure 
When this occurs the systemic blood pressure becomes elevated to maintain 
cerebral circulation A short discussion of the physiological meclianisms in- 
volved IS given 

Conclusions 

1 The level of systolic or diastolic blood pressure has no appreciable in- 
fluence upon the cerebrospinal fluid pressure 

2 In uremia and congestive heart failure the cerebrospinal fluid pressure 
is frequently ele\ated 

3 The level of cerebrospinal fluid pressure has no appreciable effect on 
sjstemic blood pressure unless the cerebrospinal fluid pressure is greatlj in- 
creased so as to approach the level of the diastolic blood pressure Under these 
circumstances there is a rise m tlie systemic blood pressure 

The Interpretation of the Blood Sedimentation Rate (IVuh Reference to Curves 
Obtained with Special Recording Apparatus) By A Proskourjakopf 
( by invitation) and Burgess Gordon, Philadelphia Pa 

Comparisons are made between curves obtained with tlie usual technique of 
interval charting and those with a special electrical recorder whicli plots con 
tinuously the level of sedimentation The data suggest that variations m the 
degree and rate at certain periods may be significant in the interpretation of 
tlie curves 

A Critical Esainination of Methods for Dctcrvimmg the Cardiac Output in Pa 
iicuts unih Cardiac Disease By T R Harrison and (by invitation) 
Arthur Grollman, Ben Friedman, and Gurney Clark, Nashville, 
Tenn 

The accuracy and applicability of the acetylene method, the Burwell Robinson 
method and the venous plateau metliod have been studied by comparing them 
with each other and by testing the validity of the assumptions underlying them 
In normal subjects and in certain persons with mild congestive heart failure 
the two latter methods agree excellently with the acetylene method wliicli is 
based on an entirely different principle However the three methods is ordi 
nanly applied disagree m certain patients with heart failure and these have 
been tlie object of special studies from which the following conclusions are 
drawn 

1 In certain cases with heart failure the Burwell Robinson metliod may 
occasionally yield inaccurate results and therefore cannot be used with safety 

2 The venous plateau method gives accurate results when certain rigid 
criteria are adopted For technical reasons and because of the discomfort to 
the subject involved in the procedure it is not usually the metliod of choice 

3 The acet>lene method may yield false results when onl> one determination 
of the arteriovenous difference is made at a single rcbreathing When two 
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measurements are made of the arteno\enous difference during a single rebrcath- 
ing and are found to agree, tlie results are accurate Because of its technical 
advantages this acetylene plateau method is the procedure of choice 

Criteria have been described whereby in a given case the applicabihtj of a 
given metliod maj be tested, so as to have no doubt of a given result Unless 
these critena are rigidly adliered to, markedly erroneous results ma> be ob- 
tained In patients witli severe congestive heart failure tliese criteria ma> 
be impossible of fulfillment 

I 

The Interference ivith the Pulmonary Capillary Circulation by Fat and the Ef- 
fect of Intravenous Alcohol Dextrose By Louis G Herrmann (bj 
invitation) and George R Herrmann, Galveston, Texas 

Rabbits and dogs were carefully selected and in double pairs injected at a 
uniform speed and without undue force at the rate of 1 cc per minute with 
warm (37° C ) liquid, sterile, neutral fat in doses of 1 cc per kilo of body 
weight One animal of each senes was kept as a control Manifestations of 
disturbances of pulmonary circulation and tlie resulting anoxemia, as extreme 
restlessness, severe djspnea and cyanosis, appeared rather promptly The 
sjmptoms consistently disappeared almost immediately following the intra- 
venous injection of 5 cc per kilo of body weight of the alcohol-dextrose solu- 
tion This was repeated at the end of 12 hours in two of the senes and in 
24 hours in one of the remaining two At the end of 48 hours all animals 
were sacrificed and the lungs promptly and completely fixed showed a sharp 
decrease in the amount of neutral fat globules in the pulmonary capillaries 
according to the number of injections with almost a complete clearing in those 
animals that had received three injections 

Data are being accumulated on the types and amounts of neutral fat, fatty 
acids, cholesterol and phosphatids bj volumetric determination in the arterial 
and venous blood, in the general and in the pulmonary circulation, before and 
after the injection of neutral fat, and after the injections of alcohol-dextrose 
The quantitative distribution and the rate of disappearance of fat from the 
blood stream have been determined 

Clinical Manifestations of Hypo- and Hyper-Magnesaenua By Arthur D 
Hirschfelder, Minneapolis, Minn 

Although blood magnesium is usually constant (2 to 3 mgm Mg per 100 cc ) 
in normal individuals, we have observed two distinct clinical groups in which 
significant alterations of blood magnesium were associated with concomitant 
clinical manifestations 

1 Low blood magnesium (0 9 to 137 mgm) was found in 10 cases, all 
manifesting twitching or convulsions One of these was parathjroid tetany, 
two epilepsj, one cerebral injur>, the others acute or chronic nephritis Three 
of the latter were given Epsom salts bj mouth, whereupon the blood magnesium 
rose to from 3 3 to 5 8 mgm Mg, and twitchings or convulsions disappeared 

There thus seems to be a definite clinical sjndrome associated with low blood 
magnesium 

2 High blood magnesium This was found especially in nephritics after 
the administration of Epsom salts In normal individuals 20 to 30 grams 
MgSO^ 7H,0 by mouth does not significantly raise the blood magnesium and 
about 40 per cent is excreted in the urine in 24 hours In nephritics less of 
the ingested J.Ig is excreted in the urine, and the blood magnesium rises 

Twenty to 30 grams MgSO^ 7H.O administered to 9 patients with acute 
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and chronic glomerulonephritis raised blood magnesium from near normal to 
98 to 113 mgm All these patients were definitely more drowsy when at 
these levels Two nepl ntics with blood magnesium 8 9 to 9 0 mgm without 
administration of MgSO^ were definitely drows> and unresponsive. 

Coma IS induced in animals when the blood magnesium approaches 17 mgm 
Mg per 100 cc 

Elevation of blood magnesium to about two thirds of the coma level thus 
seems to be accompanied by a tendency to somnolence 

It IS probable that repeated purgative doses of Epsom salts by mouth can 
induce coma in nephntics, and that many cases of supposed uremic coma arc 
really magnesium coma induced by Epsom salts From this coma animals 
and probably patients can be awakened and tlieir lives prolonged by intravenous 
calciiun chloride 

Nephritic rabbits whose blood magnesium is moderately elevated (5 to 
10 mgm Mg) by orally administered MgSO^ are hypersensitive to morphine 

The Blood Pressure t« Stenosis of the Isthmus (Coarctation) of the Aorta 
By John T King, Baltimore, Md 

The blood pressure in the arms in cases of isthmus stenosis (coarctation) 
of die aorta is so often greater than normal that many observers have assumed 
hypertension to be a necessary part of the diagnostic picture In the author s 
experience h>pertension was found in the arms in ten of eleven cases One 
patient showed typical signs of coarctation including relative hypotension in 
the legs, but in her case tlie arm pressures were always within normal limits 

An analysis of the literature showed normal Trm pressures present in twenty 
per cent of cases of isthmus stenosis in which pressure readings w'ere recorded 
The author's case is the seventeenth reported instance of normal arm pressure m 
coarctation of the aorta 

The Effects of AUcruotc Suction and Pressure on Blood Plo o tn the Lower 
Extremities of Normal Subjects and of Patients with Peripheral Vascu^ 
lar Disease By Eugene M L\ndis and (by invitation) John H Gib 
BON, Jr Philadelphia, Pa 

The lower extremities of normal subjects and of patients with peripheral 
vascular disease were inserted into an aluminium box through a well fitted, 
heavy rubber diaphragm Negative pressure, amounting to 120 mm Hg wtis 
applied for 25 seconds alternating with positive pressure amounting to 100 mm 
Hg for 5 seconds 

Increase in blood flow to the distal portion of the lower extremitj v^as identi- 
fied by thermo electric measurements of digital skin temperatures In normal 
subjects the extremity exposed to alternate suction and pressure cooled more 
slowly than the control extremity When vasoconstrictor tone was diminished 
slightly by immersing one forearm m warm water the temperature of the ex- 
tremit> exposed to suction and pressure rose earlier, and to a greater height 
tlnn that of the control extremity Witli the subject chilly and the extremities 
cold suction and pressure m some observations had no measurable effect on 
blood flow until vasoconstrictor tone was slightly diminished by warming the 
body In most instances tlie control extremity cooled while tlie rising tempera 
ture m the extremity exposed to suction and pressure indicated an increase in 
blood flow on that side 

In patients with peripheral vascular disease alternate suction and pressure 
was accompanied b} conspicuous warming (and therefore bj increas^ blood 
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flo\%) in extremities showing no rise in temperature during anesthesia of the 
posterior tibial ner\e In tlie presence of obstructs e lesions of more moderate 
grade the more in\ohed (and cooler) extremit> was made the warmer of tlie 
U\o extremities by alternate suction and pressure 

The results indicate tliat tins apparatus may possiblj be used as a “ peripheral 
heart ” to increase blood flow' in the low'er extremities of patients with peripheral 
\ ascular disease. 

The Normal White Blood Cell Picture By Edgar Jones and Doran J 
Stephens (by imitation) and John S Lawrence, Rochester, N Y 
Data ha\e been collected from obser\ations on sixteen normal adults which 
indicate that there are slight \ariations in tlie number of the white blood cells 
in the peripheral circulation under basal conditions These fluctuations haie 
been found to be greater than our error of technique Determinations of the 
number of white blood cells have been made at 15 minute intervals over four 
hour periods Differential counts have shown that all of the cells show fluctu- 
ations but the greatest of these are shown by tlie neutrophils No rhythm, no 
show'ers of “non-raotile” cells and no appreciable variations in tlie number of 
“ stab ” forms have been found 

The effect of change of posture has been carefully investigated in tliirty-five 
normal adults and eighteen adults with a variety of clinical disorders No 
significant v'ariation has been found to be associated with change in position 
Observ'ations on the effect of digestion on the white blood cell count in 
thirteen normal adults have shown a slight increase in the number of the cells 
in the majorit) of tliese individuals tsvo to four hours after the ingestion of a 
large meal The neutrophils account for most of the changes in the total num- 
ber of white blood cells in these subjects 

Obscrzaitons of the Cerebral Blood Flow in Man By F A Gibbs and E L 
Gibbs (bj invitation) and W G Lennox, Boston, Mass 
A tliermo-electnc blood flow' recorder has been devised for measuring the 
rate of blood flow through the internal jugular v'ein of man Continuous rec- 
ords have been made over a period of three or four hours of the variations in 
flow through the internal jugular vein of unanesthetized human subjects Rec- 
ords have been obtained of the flow associated witli epileptic convulsions and 
with sleep Observations so far fail to show significant changes in cerebral 
blood flow immediateh preceding these events The effect on cerebral blood 
flow of alterations in blood gases and of the administration of certain drugs has 
been studied High CO, and low 0, increase and low CO, decreases cerebral 
blood flow Adrenalin produces a marked increase in flow, as do also amyl 
nitrite and acetjl chohn unless the fall in systemic blood pressure is too great 
Caffeine and ergotamine tartrate produces a more lasting increase in cerebral 
blood flow than any of the other agents studied 

Single Cell Inoculations with Treponema Pallidum By Clarence S Thomas 
(by imitation) and Hlgh J Morgan, Nashville, Tenn 
The development of syphilis in the rabbit following intratesticular injection 
of test material affords positive evidence of the presence of Treponema pallidum 
in tlie inoculum Failure to thus infect has been interpreted as indicating the 
absence of Treponema pallidum in the inoculum Inasmuch as this interpreta- 
tion is widely used in the study of experimental syphilis (immunity, chemo- 
tlierapv) it seemed desirable to test the validity of the assumption upon which 
it IS based 
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In preliminary experiments inocula, in which the presence of a few or- 
ganisms seemed probable, failed to produce infection An attempt was made 
to definitely determine tins point by the inoculation of single organisms A 
drop of diluted syphilitic testicular emulsion was placed in a moist chamber 
By dark field illumination and with a micro manipulator it was possible to 
aspirate one or several organisms into fine glass pipettes The pipette tips ^\ere 
immediately placed in syringe needles and injected into tlie testicles of rabbits 
The testicles were then vigorously massaged 

Eighteen rabbits were thus injected with single organisms (11 Nichols 
strain 7 ‘ S ” strain) Four additional ammils were inoculated, three with 
two organisms each (Nichols strain) and one with six organisms ( ' S ” strain) 
All remained normal At appropriate intervals transfers to a second series and 
from the second to a third senes of rabbits were made all with negative results 
Immunity to the homologous strain %vas not present in those animals of the 
third series which were re inoculated 

The Cholesterol Content of the Blood tn Obesity Including Observations of the 
Effect of a Diet Low tn Fats Carbohydrates and Total Calorics on the 
Blood Cholesterol^ By Maurice Bruger* (introduced by Herman O 
Mosenthal) New York City, N Y 

Two hundred and seventy seven plasma cholesterol determinations were 
made on seventy five cases of obesit> The percentage of ovenveight varied 
from 20 to 122 per cent, with an average of 47 7 per cent for the group 

Uncomplicated (frank exogenous) obesity is associated with a normal 
plasma cholesterol Diabetes melhtus hypertension, arteriosclerosis and hypo 
thyroidism tend to elevate tlic plasma cholesterol m the obese 

The normal plasma cholesterol m obesity is not affected materially bv low- 
caloric, low fat diets in patients followed at regular intervals for approximately 
one year The hypercholesterolemia in obesitj complicated by diabetes melhtus, 
etc usually shows a distinct elevation the first few weeks on low caloric, low- 
fat diets but tends to fall appreciably below the control level following several 
months on such a regime 

General considerations of diet and loss in weight in the obese in relation to 
the plasma cholesterol are discussed 

Lcukocytosts FoUoiuing the Intramuscular Injection of Liver Extract By 
William P Murphy and (by invitation) John H Powers and Katha 
RiNE Humphre\s Boston Mass , and Cooperstoivn N Y 
Determinations of the total white cells and the total number and percentage 
of polymorphonuclear neutrophiles in the peripheral circulating blood of 16 
normal subjects before and after the intramuscular injection of Iner extract 
have been presented m graphic form The individuals were divided into 2 
groups ambulatory and recumbent 

The average maximal increase in the total number of white cells of the 
ambulatory group was 941 per cent higher than the average of all control 
counts and occurred 7 hours after the extract was administered The greatest 
individual response in this group was 185 per cent and the lowest was 23 per 
cint above tlie average of the 4 control counts made on each of these 2 sub 
jects tlie previous day The average maximal increase m total white cells of 
the patients of the recumbent group was 72 per cent above the normal level and 

' Aided by a grant from the Josiah Macy Jr , Foundation 
Oliver Rea Fellow m ^ledicine. 
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flow) in extremities showing no rise in temperature during anesthesia of the 
posterior tibial ner\e In the presence of obstructne lesions of more moderate 
grade the more in\ol\ed (and cooler) extremit\ was made the warmer of Uie 
two extremities bj' alternate suction and pressure 

The results indicate tliat tins apparatus may possibly be used as a “ peripheral 
heart” to increase blood flow' in the lower extremities of patients with peripheral 
\ascular disease 

The Nonnal White Blood Cell Picture By Edgar Jones and Doran J 
Stephens (by imitation) and John S Law'rence, Rochester, N Y 
Data ha\e been collected from obser\ations on sixteen normal adults which 
indicate that there are slight \anations in the number of the white blood cells 
in the peripheral circulation under basal conditions These fluctuations haie 
been found to be greater than our error of technique Determinations of the 
number of white blood cells have been made at 15 minute intervals over four 
hour periods Differential counts have shown that all of the cells show fluctu- 
ations but the greatest of these are shown by the neutrophils No rhythm, no 
showers of ” non-motile ” cells and no appreciable variations in the number of 
“ stab ” forms have been found 

The effect of change of posture has been carefully investigated in tliirty-five 
normal adults and eighteen adults witli a variety of clinical disorders No 
significant variation has been found to be associated with change in position 
Observations on tlie effect of digestion on the white blood cell count in 
thirteen normal adults have shown a slight increase m the number of the cells 
in the majority of these individuals two to four hours after tlie ingestion of a 
large meal The neutrophils account for most of the changes in the total num- 
ber of white blood cells in these subjects 

Obscrzatious of the Cerebral Blood Flow m Man By F A Gibds and E L 
Gibbs (b> im itation) and W G Lennox, Boston, Mass 
A thermo-electric blood flow recorder has been devised for measuring the 
rate of blood flow through the internal jugular vein of man Continuous rec- 
ords hav'e been made over a period of tliree or four hours of the variations m 
flow tlirough the internal jugular vein of unanesthetized human subjects Rec- 
ords have been obtained of the flow associated with epileptic convulsions and 
with sleep Observations so far fail to show significant changes in cerebral 
blood flow immediate!) preceding these events The effect on cerebral blood 
flow of alterations in blood gases and of the administration of certain drugs has 
been studied High CO„ and low Oj increase and low CO, decreases cerebral 
blood flow Adrenalin produces a marked increase in flow, as do also amyl 
nitrite and acetvl chohn unless the fall in systemic blood pressure is too great 
Caffeine and ergotamine tartrate produces a more lasting increase in cerebral 
blood flow than any of the other agents studied 

Single Cell Inoculations with Treponema Pallidum By Clarence S Thovias 
(by imitation) and Hlgh J Morgan, Nashville, Tenn 
The development of syphilis in the rabbit following intratesticular injection 
of test material affords positive evidence of the presence of Treponema pallidum 
in the inoculum Failure to thus infect has been interpreted as indicating the 
absence of Treponema pallidum in the inoculum Inasmuch as this interpreta- 
tion IS widely used in the study of experimental syphilis (immunity, chemo- 
therapv) it seemed desirable to test the validity of the assumption upon vhich 
it IS based 
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water bath for 1 hour, the difference in O, content, minus tliat used hj the 
blood alone, was taken as the amount consumed by tlie tissue Liver and 
kidney tissues from 15 anemic and 15 control rabbits were used, tlie iron content 
of tissue and blood serum being determined 

Under these conditions tissues from anemic animals do not utilize as mucli 
oxyen as those of normal tissues by about 50 per cent The results demonstrate 
the fact that, in general, anemia affects all the tissues and not the blood alone 

The Excretion of Bence Jones Protein in the Nephrotic Syndrome By How 
ARD F Root and (by invitation) Hazel M Hunt, Boston, Mass 
A case is presented of a 12 year old boy showing edema albuminuria, low 
serum protein content inversion of the albumin globulin ratio in blood serum 
and the hjpercholesterolemia characteristic of nephrosis and excreting consid 
erable amounts of albumin and of albumose of the Bence Jones type The 24 
hour excretion of albumin varied from a trace to 9 5 grams The albumose 
varied in amount but it was possible once to isolate as much as 1 5 gram from 
a 24 hour specimen in a finely powdered condition by precipitation at 55° C 
This isolated material gave the characteristic tests for Bence-Jones protein 
The use of a high protein diet (protein 130 to 160 grams, carbohydrate 160 
grams, and fat 100 to 150 grams) and thyroid extract (gr v daily) brought 
about the following results In a period of 4 months anasarca disappeared 
basal metabolism rose from — 16 to +7 per cent serum protein rose from 
2 9 to 4 7 per cent The albumin globulin ratio returned to normal The ex- 
cretion of Bence-Jones protein in the urine ceased The plasma cholesterol rose 
steadily from 439 to 1250 mgm per 100 cc. A constant retention of nitrogen 
averaging 10 grams daily occurred during the first 6 weeks Nitrogen balance 
was readied in 8 weeks No cause other than the nephrotic syndrome was 
found for the occurrence of the Bence-Jones protein 

Even when the albumosuria was most marked no albumose was found in 
the blood plasma This fact suggests that abnormality in the renal mechanism 
was responsible for the albumosuria rather than the formation of albumose 
in other tissues transportation by the blood to the kidney and its excretion 
It has been held that the hypercholesterolemia of nephrosis is due to tissue 
starvation The degree of tissue inanition m this case may be judged by the 
fact that for 6 weeks he retained nitrogen in amounts varying from 6 to 12 
grams daily The plasma diolesterol of 1250 mgm. is higher than any figure 
mentioned in Leiter s review of the subject As yet the cholesterol has not 
begun to decrease although the dinical improvement is most marked 

The disappearance of edema when the scrum protein remained at a low 
level indicates that some additional medianism was involved m maintaining the 
osmotic pressure within tlie vessels It is suggested that the high concentration 
of cholesterol acted in this manner to prevent edema 

Studies on Specificity of Streptococci The Experimental Reproduction of 
Persistent Sneexing with a Streptococcus Isolated from a Case By Ed- 
ward C Rosenow, Rochester, Minn 

The streptococcus isolated from tlie nasopharynx of the patient on the eighth 
day of persistent sneezing and from the brain and other tissues of inoculated 
animals was grown in dextrose brain broth and the cataphoretic tdocity was 
determined in distilled water with the Northrop Runitz Mudd apparatus 

Rabbits were inoculated intracerebrall} intratracheally and intrapentoneallj, 
and dogs intracerebrally Persistent sneezing, which continued to recur often 
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occurred 6 hours after the injection of li\er extract Tlie highest and lowest 
indiMdual responses in the members of this group were 101 and 20 per cent 
A similar increase in the total number of white cells and the total number 
and percentage of pohmorphonuclear neutrophiles was obtained in one patient 
with influenza 

The leukocytosis in eiery instance was due to an increase in the polj- 
morphonuclear neutrophiles 

The Occurrence of Piicuiuococcus Vartaufs in Lobar Pneumonia By John R 
Paul and (b> imitation) J A Lawrence, New Haven, Conn 
Whether or not S pneumococci dissociate into avirulent variants during the 
clinical course of lobar pneumonia is the subject of this report The work has 
been based upon recent obsen'ations upon the in vitro dissociation of S pneumo- 
cocci which show that beside the well recognized and easily revertible, inter- 
mediate and R lanants, there are also so-called R G variants, some of which 
are bile insoluble and apparently indistinguishable from Streptococcus viridans 
These are difficult to revert back to the S forms 

Twentj -seven cases of lobar pneumonia were studied with daily tliroat cul- 
tures upon which differential bacterial colony counts were made A shift in 
the tliroat flora was found at or about the time of crisis, S forms diminish, and 
suspected, unstable R and R G forms appear in great numbers during the first 
few postcntical days To establish the identity of these suspected R G forms 
the attempt to revert strains isolated before and after crisis was made in about 
twentj-five instances Three successful reversion experiments are reported 
upon R G strains isolated in the first week after crisis The results suggest 
tliat virulent pneumococci undergo marked dissociation within the human host 
during pneumonia The clinical implications are briefly discussed 

Observations on the Living Choroid Plcvus By Tracy J Putnam (Boston) 
and (bv invitation) Eric Ask-Upmark (Lund, Sweden) 

It IS possible to observe the living choroid plexus of the cat under the 
microscope Bj micrometry, the arteries can be seen to contract and expand 
under nervous and chemical influences, much as do the pial vessels If the 
surface is stained with methjiene blue, the choroid ependyma, the muscular 
coat of the arteries and occasionally nerve fibers may be demonstrated Tlie 
axones of the subjacent white matter are easily stained If fluoresceine be in- 
jected intrav enouslv , it may be seen to escape through the walls of the capil- 
laries and veins, particularly the latter This is perhaps of significance in 
relation to the pathogenesis of some cerebral diseases in which the lesions have 
a perivascular distribution 

Tissue Mctabohsin in Secondary Anemia By Herman H Riecker, Ann 
Arbor, Midi 

The object of this experiment was to determine whether the tissues of 
animals made anemic b> hemorrhage could utilize oxjgen at the same rate as 
those of normal animals Previous work by Anson and Mirsky, Keilen, and 
Warburg indicated tlie possibilities that the iron-containing rcspiratorj pigment 
(hem) of the cell might be partiallv depleted bv iron starvation 

\ simple method was devised which seemed suitable for the studv Normal 
defibrinated rabbit’s blood was oxvgenated and 1 to 2 grams of the tissue 
macerated and mixed with the blood Twentv cc of the blood was used and 
the oxvgen content determined before and after exposure to the tissue m a 
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water bath for 1 hour tlie difference in O content, minus tliat used by the 
blood alone, was taken as tlie amount consumed by the tissue Liver and 
kidney tissues from 15 anemic and IS control rabbits were used, tlie iron content 
of tissue and blood serum being determined 

Under tliese conditions tissues from anemic animals do not utilize as much 
oxyen as those of normal tissues by about 50 per cent The results demonstrate 
the fact that, in general, anemia affects all the tissues and not the blood alone 


The Excretion of Bence Jones Protein tu the Nephrotic Syndrome By How 
ARD F Root and (by invitation) Hazel M Hunt, Boston, Mass 
A case is presented of a 12 year old boy showing edema albuminuria, low 
serum protein content, inversion of the albumin globulin ratio in blood serum 
and the hypercholesterolemia characteristic of nephrosis and excreting consid- 
erable amounts of albumin and of albumose of the Bence-Jones type The 24- 
hour excretion of albumin varied from a trace to 9 5 grams The albumose 
varied in amount but it was possible once to isolate as much as 1 5 gram from 
a 24 hour specimen in a finely powdered condition by precipitation at 55° C 
This isolated material gave the characteristic tests for Bence Jones protein 
The use of a high protein diet (protein 130 to 160 grams carbohydrate 160 
grams, and fat 100 to 150 grams) and thyroid extract (gr v daily) brought 
about the following results In a period of 4 months anasarca disappeared, 
basal metabolism rose from — 16 to 7 per cent , serum protein rose from 
2 9 to 4 7 per cent The albumin globulin ratio returned to normal The ex 
cretion of Bence Jones protein in die urine ceased The plasma cliolesterol rose 
steadily from 439 to 1250 mgm, per 100 cc A constant retention of nitrogen 
averaging 10 grams daily occurred during the first 6 weeks Nitrogen balance 
was reached in 8 weeks No cause other than the nephrotic syndrome was 
found for the occurrence of the Bence Jones protein 

Even when the albumosuria was most marked no albumose was found m 
the blood plasma Tins fact suggests that abnormality in the renal mechanism 
was responsible for the albumosuria rather than the formation of albumose 
in other tissues transportation by the blood to the kidney and its excretion 
It has been held that the hypercholesterolemia of nephrosis is due to tissue 
starvation The degree of tissue inanition m this case may be judged by the 
fact that for 6 weeks he retained nitrogen in amounts varying from 6 to 12 
grams daily The plasma cholesterol of 1250 mgm is higher than any figure 
mentioned in Leiters review of die subject As yet the cholesterol has not 
begun to decrease although the clinical improvement is most marked 

The disappearance of edema when die serum protein remained at a low 
level indicates that some additional mechanism was involved in maintaining the 
osmotic pressure within the vessels It is suggested that the high concentration 
of cholesterol acted m this manner to prevent edema 


Studies on Specificity of Streptococci The Experimentai . , 

Persistent Snccsing with a Streptococcus Isolated from a Case By Ed 
WARD C Rosenow Rochester, Mmn 

Tlie streptococcus isolated from the nasopharynx of the patient on the eighth 
day of persistent sneezing and from the brain and other tissues of inoculated 
animals was grown in dextrose brain broth and the catiyhoretic velocity was 
n distilled ^vater with the Northrop Kunitz Mudd apparatus 


determined m distilled water with the Northrop Kunitz Mudd apparatus 

Rabbits were inoculated intracerebrally, intratracheally and intrapentoneally, 
and dogs intracerebrally Persistent sneezing, which continued to recur often 
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for manj hours, N\as produced b> the different metliods of injection of the Ii\e 
streptococcus as isolated and after mam rapidlj repeated subcultures in dextrose- 
brain broth, of suspensions of the heat-killed streptococcus and of filtrates of 
active cultures 

The lesions produced were topical of encephalitis and were niainlj m the 
medulla 

The results in control animals injected in like manner with streptococci 
from patients having other diseases of the nervous sjstem, were verj different, 
in that sneezing was almost whollj absent and in tliat manj animals reiealed 
sv-mptoms and other findings characteristic of the respective diseases studied 
The cataphoretic velocity of the streptococci as isolated at the time of the 
attack or shortly after m the case of persistent sneezing, and m the control 
group, before and after animal passage, was mainly neurotropic The neuro- 
tropic velocitj and concomitantlj the property of producing sneezing, were lost 
promptly on ordinar> aerobic cultivation 

A Significant Contrast Bctzuccn Vasomotor Responses of the Peripheral Ar- 
teries By W J Merle Scott and John J Morton, Rochester, N Y 
To determine the respective contributions of vasoconstriction and of mechan- 
ical occlusion has become essential in tlie clinical analysis of arterial diseases in 
the extremities For this purpose two different vasomotor responses of the 
peripheral circulation have been used, viz (1) the effect of vasoconstrictor 
paralysis and (2) that of vasodilator stimulation, the tacit assumption being 
made that tlie tw'o resultant effects are approximately identical In a group 
of fifteen individuals with normal blood vessels this is found usually to be the 
case, both paraljsis of sympathetic vasoconstriction and stimulation of sympa- 
tlietic vasodilatation causing an elevation of the surface temperature in the 
foot to the “normal vasodilatation level” Significant differences m the re- 
sponse of tlie local circulation to these two vasomotor reactions are found both 
in some individuals witli normal and m those w'lth pathological arteries Oc- 
casionally the response to vasodilator stimulation is so much delayed or so 
much diminished as compared to the response to vasoconstrictor paralysis that 
the former is entirely unreliable for clinical purpose As a corollary of this 
finding, in the clinical test tmless an approximately maximal response to vaso- 
dilator stimulation is obtained the effect of vasoconstrictor paralysis should be 
ascertained 

On the Diagnosis of Myocardial Disease by Means of the Basal Cardiac IV ork 
By Isaac Starr, Jr, and (by invitation) J S Donal, L H Collins, 
Jr , A ilARGOLiES, and C J Gamble, Philadelphia, Pa 
The normal standards for basal cardiac work (cardiac output multiplied 
by mean blood pressure) have been determined by Starr, Collins and Wood 
(J Clin Invest , 1933, xii, 13) Since that investigation the basal cardiac work 
and the heart size have been determined for about 100 additional cases, including 
all the types of heart disease that could be secured In this presentation it is 
proposed to discuss these results from the clinical point of view 

All cases m, or obviously tlireatened with, congestive failure were found 
to have mvocardial insufficiency, i e. their hearts were doing abnormally small 
amounts of work per unit of heart size Therefore these estimations may ap- 
pear to be of value m tlie diagnosis of tins condition A considerable number 
of cases of hyperthyroidism and hypertension showed the same abnormality 
On the other h^d the majority of cases of angina pectoris and coronary 
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occlusion (an old infarct ^^as later demonstrated at autopsy m hvo patients) 
had a normal basal cardiac work 

Cases of effort syndrome show a small basal cardiac work, but give no evi- 
dence of mvocardial msufficiencj because they have small hearts and the work 
per unit of heart size is within normal limits 

Alterations m the Specific Gravity of the Plasma of the Blood -oiih the Onset 
of Diuresis in Patients Sttffcnng from Heart Failure of the Congestive 
Type By Harold J Stewart New York City, N Y 

The mechanism of the occurrence and elimination of edema in heart disease 
IS still incompletely understood Wliere, in a system regarded as circulating 
blood located between the tissues and the kidnejs, must a stimulus be applied 
in order that diuresis may be initiated^ Different types of diuretics mav ob- 
viously act at different points If the kidneys are first affected so that fluid 
passes from the circulating blood concentration of the blood should occur If, 
on the other hand, the process is initiated in the tissues, fluid first enters the 
circulating blood and dilution occurs and may be detected if it lasts long enough 
and is great enough 

Light on what the occurrences are when edema disappears may be gamed 
by studying the blood to see whether concentration or dilution takes place 
Changes in the specific gravity of the blood plasma may be utilized to trace tlie 
alterations in the blood The method of Van Slyke and kloore has been used 
It IS now known that the specific gravity of the plasma of normal individuals 
vanes from day to day withm narrow limits onl> It is moreo\er closely cor- 
related with the amount of protein present in the blood In cardiac patients 
the occurrence of edema does not depend on the level of specific gravit> of the 
plasma which has in fact a normal value We have investigated the curve of 
specific gravity with the onset and continuance of diuresis in patients suffering 
from heart failure of the congestive type who exhibited edema and accumula- 
tions of fluid One case will serve to illustrate the alterations which were ob 
served B McL , female, white 56 years of age suffering from a second attack 
of heart failure of tlie congestive type, exhibited edema of the extremities 
Arterial hypertension and enlargement of the heart were present* Rapid 
ventricular rate due to auricular fibrillation was present Although the intake 
of fluids was restricted to 1200 cc. per day and she remained m bed the output 
of urine did not rise beyond 200 to 300 cc per day and she did not lose weight 
the specific gravity of the plasma of the blood measured 1 0278 Digitalis 1 2 
gram ^vas given within 24 hours, the ventricular rate became slower diuresis 
occurred and the patient lost weight The specific gra\ity of the plasma fell 
to 1 0240 and remained in that zone during diuresis but when diuresis stopped 
the specific gravity returned to the level it had had beforehand (I 0280) 
Diuresis sometimes was accompanied by similar changes when it occurred spon 
taneouslv as a result of limitation m the administration of fluids and of rest in 
bed and also as a result of giving theocalcin By taking samples of blood fre- 
quently It was found tliat decrease in the specific gravitv of plasma appeared 
to precede the onset of diuresis and that it was possible to predict the occur- 
rence of diuresis Estimation of the total amount of protein excreted by way 
of the urine during the periods of diuresis failed to account for the low con- 
centration of protein indicated bj the alteration in specific gravjt> The de- 
crease was due not to loss of protein from the blood, but to dilution of the 
blood by edema fluid In another patient, m whom the specific gravit> of the 
plasma of the blood before the onset of diuresis was 1 0270 the '* ij 
of the edema fluid wais 1 0084 With the occurrence of 4 
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gra\it> of the plasma fell to 1 0240, had approvimatclj 400 cc of edema fluid 
having a specific gravitj of 10084 entered the blood, 'the amount would have 
been sufficient to reduce the specific gravitv of the plasma to the observed level 
(10240) 

Using alteration in specific gravit> as a measure of concentration of protein 
in the blood, it appears that diuresis, in the presence of heart failure of the 
congestive tjpe, depends on changes initiated in the tissues, and is accompanied 
by dilution of the circulating blood 

ConstitutionaJ, Hereditary and Familial Features of Pernicious Anemia Bj 
Cyrus C Sturgis and Raph \el Isaacs and (by invitation) L R Gates, 
Ann Arbor, Rlich 

A study of 680 consecutive patients with pernicious anemia and a similar 
number of non-pernicious anemia patients of the same locality and age groups 
was made, correlating the weight, hair color, eye color, ear length, blood pres- 
sure, spleen size, blood count, blood bilirubin, lymph node size, heart size, heart 
murmurs, gallbladder, age incidence, duration and individual symptoms The 
disease incidence in the family and system incidence m the patients were cor- 
related and the significance or non-significance was determined from Fisher’s 
table of A similar study was made, correlating the various symptoms of 
the patients Pernicious anemia occurred more frequently in the families of 
the pernicious anemia patients than in the others No significant correlation 
was evident between the special system disease tendency in any individual pa- 
tient and a history of similar system disease in the family, although there was 
a moderate tendency for the association of these symptoms in the presence of a 
familj history of heart disease, gastro-mtestinal, gemto-unnary, and skin dis- 
ease and tuberculosis 

The Absorption of TItytoxiiic from the Gastro-Intcstinal Tract, with Special 
Reference to the Effect of Alkali By Willard O Thompson and (by 
invitation) Phebe K Thompson, Samuel G Taalor, III, and Lois F 
N Dickie, Chicago, 111 

A large number of observations on twelve patients with myxedema show that 
pure sjntlietic thvroxine when given by mouth or directly into the duodenum 
has only a slight effect on the basal metabolism, whereas, when given by mouth 
in the form of its monosodium salt, it has about one-quarter to one-fifth as 
much effect as when given intravenously, and when given in solution with an 
excess of sodium hydroxide, it has a much greater effect which nearly equals its 
effect by the intravenous route Dissolving thyroxine in an excess of sodium 
hydroxide results in the formation of the disodium salt Squibb’s thyroxine for 
oral use, which presumably contains a sodium salt of thyroxine and some thyrox- 
ine in peptide combination, has about two-thirds to three-fifths as much effect 
as thyTOxine intravenously and about three times as much effect as the mono- 
sodium salt of synthetic thyToxine given orally 

Since pure thyroxine is insoluble in most solvents and its monosodium salt 
onlv slightly soluble, while the disodium salt and thvroxine in peptide combina- 
tion are much more soluble, it would appear that the solubility of the thyroxine 
compound administered is an important factor in its absorption from the gastro- 
intestinal tract and hence in its effect on the basal metabolism The solubility 
of thyroxine peptide and polv peptide derived from desiccated thvroid during 
digestion in the gastro-intestinal tract may explain the fact that desiccated 
thvroid by mouth has about the same effect as divToxine intravenously on the 
basis of equivalent iodine contents 
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The Dtssohition of Clotted Plasma by Hemolytic Streptococci the Relation of 
This Phenomenon to Acute Hemolytic Streptococcus Infections By 
William S Tilleit and (by invitation) R L Garner Baltimore Md 
Hemolytic streptococci isolated from patients are capable of rapidly liquefy- 
ing clotted human plasma Sterile Berkefeld filtrates of full grown broth cul- 
tures contain the fibnnolytic property to a high degree Broth cultures and 
sterile filtrates of hemolytic streptococci (beta type) derived from human cases 
possess this property when tested with clotted human plasma The human 
strains fail completely to liquefy the fibrin clot of plasma derived from many 
animals Available strains of hemolytic streptococci derived from animals are 
incapable of liquefying human clot Fibrinogen, chemically isolated from 
plasma, when coagulated vvitli thrombin m the presence of suitable culture or 
filtrate is rapidly liquefied Dissolution under these conditions occurs witli both 
animal and human material The rate of liquefaction is such that 0 5 cc of 
culture or filtrate transforms 1 cc of solid clotted plasma into a completdy fluid 
state within fifteen to twenty minutes A comparable amount of fibrinogen, 
when coagulated m the presence of culture, is completely liquefied in five mm 
utes 

Pathogenic bacteria, such as pneumococci, green streptococci, typhoid bacilli, 
etc , similarly tested, have not exhibited a comparable fibrinolytic property 
The fibrin digesting power of hemol)rtic streptococci suggests an explana- 
tion for the manifestations of acute streptococcus infections which are charac 
tenzed by thin fibrin poor exudates such as are seen m the early stages of 
hemolytic streptococcus empyema 

By repeated tests on plasma obtained from patients ill witli hemolytic strep 
tococcus infections, recovery frequently parallels or is followed by the develop 
ment m the blood of a property by which clot digestion is inhibited Effective 
resistance to the activity of the fibrinolytic ferment is most commonly demon 
strable in the plasma of patients recovered from suppurative hemolytic strepto- 
coccus infections The development in the blood of recovered patients of the 
capacity to inhibit this bacterial activity seems to be a form of resistance which 
differs m the parallel tests so far performed from streptococcal agglutinins or 
the anti streptolysin described by Todd 

Observations on the Etiological Relationship of Severe Alcoholism to Pellagra 
By Tom D Spies and H F DeWolp (introduced by Joseph T Wearn), 
Cleveland, Ohio 

It IS generally agreed that the pelhgra found m the North is usually asso 
ciated with severe alcoholism This study demonstrates that over ninety per 
cent of the patients develop the lesions of pellagra following excessive dnnk- 
ing Ten patients hav ing typical alcoholic pellagra ” recovered from their 
disease while receiving an adequate diet and large quantities of com whiskey 
On theoretical grounds it may be considered that the whiskey predisposes to the 
development of pellagra either by destrojing the so-called “ pellagra preventive ' 
factor or by altering the gastro-mtestinal tract so that it becomes incapable of 
assimilating the preventive substance Likewise it has been suggested on 
theoretical grounds that foreign substances m the whiskey such as tlie higher 
alcohols produce the lesions of pellagra 

It appears unlikel) however that there is any specific deleterious material 
present in the man> kinds of beverages taken The present observations show 
that the consumption of large quantities of vvhiskej at the same time that an 
adequate diet is received does not interfere with the clinical improvement of 
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the patients This is strong (evidence that alcohol does not dirccth imctnate 
either all of the gastric secretion or all of the potent substances in the food It 
IS well known that manj indmduals drink large quantities of alcoholic bc\cragcs 
for jears without suffering from loss of appetite, vomiting or pellagra Cor- 
relation of tliese findings suggests the follow-mg hypothesis Se\cre alcoholic 
imbibition by some indniduals causes inadequate ingestion of food by decreas- 
ing the appetite and often precipitates nausea and a omiting These predispose 
to tlie deaelopment of pellagra because the person no longer receiacs an adf^ 
quate diet but utilizes the calories m the alcohol 

The Cluneal Significance of the Hypcraciwc Carotid Sinus Reflex B> Soma 
Weiss and (by inaitation) James P Baker, Boston, Mass 
A study has been made of the circulatory and nervous system of 12 subjects 
who complained of dizziness and fainting, and m wdiom the mechanical stimula- 
tion of one or each of the carotid sinuses induced characteristic aura, dizziness, 
fainting and convulsive seizures Three mam types of cardiovascular responses 
w'ere obseraed following stimulation of the sinus (a) marked asystole or sud- 
den slowing of the heart rate with or w’lthout marked fall in the arterial blood 
pressure, (6) marked fall in the arterial blood pressure, but without essential 
cardiac slowing, (c) changes in the cerebral circulation wnthout essential slow- 
ing of the heart rate, and without fall in the arterial blood pressure Stimula- 
tion of tlie hAperactne carotid sinus reflev induced striking changes in the intra- 
cardiac conductive system partial and complete heart block, temporary asystole 
of the ventricle with continued auricular contraction, nodal rhythm, ventricular 
extras) stoles, change in the shape of the T waves, and complete inversion of *he 
electrical axis in the heart The observations also demonstrate that Adams- 
Stokes syndrome can be induced reflexlv 

EMdence is presented that the clinical symptoms and signs observed, as well 
as the cardio\ascular changes, are due to stimulation of the sinus and not to 
direct motor ^agal stimulation 

During stimulation of the Reflex, the volume and velocity of blood flow be- 
came decreased There was also a slowing of the blood flow through the 
brain In the precipitation of fainting and convulsions the rate (time element), 
rather than the absolute deviation from the normal circulatory state of the 
brain, plav'S the primary role This temporary, sudden ischemia, even if of 
short duration, sets up a sequence of events in the brain which proceeds inde- 
pendently to convulsions even if hyperemia promptly follows the ischemia 

Section of the carotid sinus nerve in two cases abolished the spontaneous 
fainting attacks 

Studies on the Prevention of Cholesterol Atherosclerosis in R^bits By Ken- 
neth B Turner and George B Khavat (introduced by Randolph 
West), New York City, N Y 

Atherosclerosis of the aorta was readily produced in rabbits by feeding 
cholesterol The lesions were prevented in 17 of 19 animals b) the simultaneous 
administration of dried whole th)roid gland with the cholesterol, while com- 
parable thvroxin dosage was effective in only 3 of 10 rabbits The changes 
produced bv cholesterol were also prevented b) potassium iodide in 17 of 18 
animals The bromide and chloride of potassium were ineffective If com- 
plete thvToidectomies were performed upon the rabbits, potassium iodide no 
longer succeeded in preventing the intimal changes in the aorta A close paral- 
lelism was observed bets’ een the level of the blood cholesterol and the presence 
or absence of arterial lesions 
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The Mitral DtasloUc Murmur in Children without Mitral Value Deformity hut 
^with Severe Rheumatie Carditis and Dilatation of the Left Ventricle By 
Paul D White and (by miitationX Edward F Bland and T Duckett 
Jones, Boston, Mass 

The Eleetrocardiogram in the Earlier Stages of Experimental Myocardial In 
farction By Frank N Wilson, Paul S Barker and (by invitation) 
, Franklin D Johnston, Ian G W Hill, and Gerald C Grout, Ann 
^ Arbor, Mich 

A series of experiments was carried out in dogs in which various brandies 
of the coronary arteries were ligated Electrocardiographic studies were made 
0either immediately after the ligation, or at some later period within the first 
twenty-four hours In addition to the standard electrocardiographic leads and 
serial precordial leads, direct and semi direct leads from the exposed heart were 
gnployed 

Immediately after ligation direct leads from the region supplied by the tied 
vessel yidded nearly monophasic responses, similar in all respects to tliose ob- 
tained from a region of the ventricular surface recently injured by burning or 
by ipther means The RS-T deviation shown by these monophasic curves rapidly 
diminishes but does not entirely disappear until the infarcted muscle dies some 
twelve or fifteen hours after ligation The curious T wave changes tliat occur 
in the coronary occlusion in man are also seen in direct leads from tlie margin 
of the infarcted area some hours after iigation They are apparently due to 
alE^rations in the recovery process in this region 

Hypertension with Arteriolar and Glomerular Changes in the Albino Rat Fol 
lowing Snblolal Hcphrectoiny By J Edwin Wood Jr , and (by mvita 
tion) Clayton Ethridge, University, Va 
Hypertension and renal insufficiency following partial nephrectomj in rats 
have been reported by Qianmin and Ferris It is tlie primary purpose of tins 
study tp describe the histological clianges in the rat kidney subjected to func- 
tional strain by subtotal nephrectomy and to investigate a possible relationship 
between these changes and hypertension 

One hundred and eighty rats have been fed on a balanced diet One hun 
dred and fifty three of tliese have had 80 per cent of the kidnej tissue removed 
and 27 control animals, simple laparotomy but no nephrectomy Direct carotid 
blood pressure readings have been made and autopsy performed at intervals 
varying from 1 to 267 days Of 153 animals with subtotal nephrectomy 68 
have had b'ood pressures ranging from 70 to 139 mm Hg 42 from 140 to 169 
mm Hg 32 from 170 to 199 mm Hg, and 11 from 200 to 230 mm Hg The 
higher blood pressure levels have been found m rits with subtotal nephrectomy 
of 60 days duration or longer and in each instance of hypertension degenerative 
glomerular clianges have been present The blood pressure m 27 control rats 
varied between 100 and 140 mm Hg with an average of 120 mm. Hg, a figure 
already fully established by Chanutin and Ferns 

During the earlj days of the e-xperiment the tubules show rapid dilatation 
and epithelial lijp^rplasia with marked diffuse fattj change Tins tubular 
fattj change is transient but reappears in localized areas at a later stage Early, 
the glomeruli are distended and enlarged but free of degeneration. 

Definite glomerular involvement begins to appear at approximately 40 to 
70 days after operation as showm b> marked epitbelial cell enlargement vvitli 
subsequent vacuolar degeneration and glomerular adliesions to the capsule. In 
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the older animals tliere is furtlier glomerular degeneration u ith a gradual loss 
of structural detail and progression to aarjmg degrees of lijalmization and 
fibrosis Glomerular fat^ degeneration is striking and begins to appear in 
80 to 120 da\s This is also progressive and is marked after 170 dajs l'att> 
degeneration of the afferent arterioles has been found at still later stages 
These time interaals ma> varj None of tlie pathologic changes has been seen 
in tlie control animals 

Summary Hj-pertension frequently follows subtotal nephrectomy m rats 
Fatt> degeneration in the glomeruli and afferent arterioles, glomerular atroph> 
and hyalmization and tubular dilatation following subtotal nephrectomy have 
been observed and may be interpreted as a natural sequence of hypertrophy 
and degeneration brought about by functional strain 

The Response wiih Respect to Scnim Volume and Composition after the In- 
gestion of Glucose VI Diabetic Patients By F William Sunderman 
and (by invitation) Ennion Williams, Philadelphia, Pa 

Blood was removed from diabetic patients, fasting, and one and onc-lnlf 
hours after the ingestion of glucose The increase in tiie glucose concentration 
in the serum per kilogram of water was found to be accompanied b> a decrease 
in the chloride concentration in approximate!} the ratio of 3 8 mM to 1 If 
the assumption be made that tlie solids of the serum, excepting glucose and 
chloride, are constant and on this basis the amounts of glucose, water, and 
chloride per unit of the remaining solids are calculated before and after the 
administration of glucose, it is found that the increase in the glucose is accom- 
panied b} an increase in both water and chloride The solution transferred to 
the serum with the glucose is a h}potonic saline solution of an average chloride 
concentration of 60 niM per kilogram of water, but with the addition of the 
glucose, it has on the average a higher osmolar concentration than the serum 
The final result, therefore, is an increase m the glucose concentration in the 
serum, a decrease in the chloride concentration, an increase in the total osmotic 
pressure, and an increase in the serum volume This would indicate that in 
the serum of the diabetic patient tlie disturbance resulting from the uptake 
of glucose IS distributed among at least three other variables — serum volume, 
osmotic pressure and chloride concentration 
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THE DIURNAL RHYTHM IN WATER AND MINERAL 
EXCHANGE ‘ 


By ROBERT C MANCHESTER 

(From the Department oj Pediatrics The Vnivernty of Rochester School of Medtane and 
Dentistry Rochester Neio York) 

(Received for publication May 16 1933) 

In the course of investigations on total mineral and water exchange 
in epileptic children (1), a diurnal rhythm m the excretion of water and 
certain minerals was regularly encountered, which persisted even under 
stnngently abnormal metabolic conditions Recently, these observa- 
tions have been confirmed and further elaborated m a series of studies 
on two mild epileptic pahents and one normal male subject 

It IS common knowledge that unne is excreted in larger amounts 
dunng the day than at night, and that the increased unne volume of the 
day IS associated with a negative water balance, counterbalanced at 
night by a positive balance due to a decrease m unne output Associated 
with the period of retention, Simpson (2) found that an increase occurred 
in unnary hydrogen ion concentration, titratable acidity and ammonia, 
while chlonde excretion fell below that of the day penod 

Norn (3) gave subjects equal amounts of food and water at three 
hour intervals throughout the day and night The excretion of sodium, 
potassium and chloride was found to be lower at night than dunng the 
day, reaching a minimum betiveen 3 00 A M and 6 00 A M and a maxi- 
mum between 12 00 noon and 3 "00 PM The rhythm seemed to be 
dependent on the degree of activity It was reversed when the subject 
slept through the day and worked through the night penod 

Other papers have appeared in the literature dealing with tlie excre 
tion of vanous unnary constituents over day and night penods but as 
far as the author is aware a composite study is not available which 
includes gross water excliange and the more important urinary elements 

PLAN OF STUDY AND METHODS 

The greater part of the data to be presented has been selected from a senes 
of invesugations on two mildly epileptic male children earned out over a penod 
of forty consecutive expenmental days No convulsions occurred throughout 
the entire study 

Except for changes induced every effort was made to maintain the environ 
mental and metabolic conditions as constant as possible not only from day to 

' This investigation was aided by a grant from the Research Fund of the 
Rockefeller Foundation 
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da>, but also for each penod of the da\ The subjects were kept in bed under 
sufficient bed co\ers to pre\ent chilling or sensible perspiration Room tem- 
perature and relati%e humidity were recorded e\cr> t)\o hours Humiditj 
ranged from 40 to 80 per cent and room temperature from 22° to 25° C , onlj 
occasionally nsing high enough to induce sensible perspiration in the axilla 
Actixity was regulated and recorded by a trained nurse in constant attendance 

Each day was dnided into four periods of six hours beginning at 6 00 A M 
At the beginning of each period, the subject xoided, was weighed on scales 
sensitixe to fixe grams and was then gixen an accurately prepared meal of 
knoxxn x\ eight and composition 

The four meals of the txx'enty-four hour period w'ere identical in exer> re- 
spect and were prepared by a trained attendant in an adjoining kitchen from 
simple foods such as poxxdered milk,- 40 per cent cream, lactose, egg yolk, 
sodium chloride, and distilled xxater A sufficient quantity of lactose and 
powdered milk was obtained to meet the needs of the entire study, thus rc- 
duang x'anations m the diet to a minimum That metabolic and mineral 
requirements were adequately met is indicated by the uniformity in mineral 
and xxater excretion dunng control periods The ketogenic antiketogenic 
ratio of the metabolic mixture xx-as slightly below' unity 

Water balances were calculated by the method suggested by New'burgh, 
Johnston, and Falcon-Lesses (4) The subjects xvere in nitrogen equilibrium 
and the caloric xalue of the food intake xvas approximately equix'alent to the 
caloric requirement so that non-oxidation water freed by the catabolism of 
body tissue or stored with any protein or fat deposited in the body xxas dis- 
regarded “Total xxater available” includes dnnking water, preformed xvatcr 
of the foods, and xxater of oxidation of the metabolic mixture "Total xxater 
loss" includes xxater of the urine, w'ater of the feces, and xvater lost insensibly 
by XX ay of the skin and respiratory tract 

The water content of the unne and foods was determined by weighing 5 to 
15 gram samples before and after desiccation in vacuo oxer sulphuric acid 
The nitrogen of the foods, unne, and feces xxas determined by the Kjeldahl 
method (5) Urinary chlonde xxms determined by the Vohlhard method (5), 
inorganic phosphate by the method of Fiske and Subbaroxv (6), sulphate by 
the method of Fiske (7), titratable aadity by the method of Folin (8) and 
ammonia by the permutit method of Folin and Bell (9) For the other mineral 
analyses urines were first ashed by treating xxith small amounts of nitric, 
perchlonc, and sulphuric acids Using the ashed specimens, sodium xxas de- 
termined by the method of Barber and Kolthoff (10) , calcium by the gasometric 
method of Van Sl>ke and Sendroy (11), potassium by the method of Shohl 
and Bennett (12), and magnesium by a method adapted by the author xxhich 
was based upon the precipitation of magnesium as magnesium ammonium 
phosphate and the measurement of the phosphate radicle by the Fiske and 
Subbarow method (6) All samples of blood were drawn under oil without 
xenous stasis 

Unless otherwise stated, the subject folloxxed a definite routine of actixity 
consisting of games, reading and regulated naps from 6 00 A M to 6 00 P M , 
and slept from 6 00 P M to 6 00 A M except for interruptions resulting from 
the expenmenta! routine Since identical meals were taken at equal intervals 
throughout the daj and night, all xanables except actixity and sleep and the 
resulting metabolic factors xxere reduced to a minimum 
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EESULTS OF EXPERIMENTS 
Diurnal rhythm under standard metabolic conditions 

The diurnal vanations regularly encountered are clearly demonstrated 
in Table I In Part I, a negative water balance is noted during the day 
period and a positive balance at night, dependent largely on the fluctua- 
tion in unne volume Assoaated with the negative balance, unne vol 
ume, and urinary sodium, potassium, and chloride excretion reaches a 
maximum, while dunng the positive water balance of the night period, 
excretion falls to a minimum A similar less significant rhythm occurs 
in titratable acidity, and phosphate, sulphate, and ammonia “Total 
inorganic acid' and " total base” is greater dunng the day than at night 
The difference is obviously largely dependent on the sodium, potassium 
and chlonde fractions Nitrogen excretion and body temperature are 
greater m the daytime than at night Insensible perspiration shows no 
constant vanation 

In a more detailed expenment presented in Part II in which the day 
IS divided into six hour penods, the same diurnal rhythm is demonstrated 
The negative water balance, unne volume, and sodium, potassium, and 
chlonde excretion reach a maximum in the morning penod from 6 00 
AM to 12 00 noon and begin to decline in the afternoon Excretion 
decreases sharply through the night and reaches a minimum in the penod 
froml2 00 midnight to 6 00 A M coincident with the penod of greatest 
water retention 

In Table II, the data of Table I, Part I, have been recalculated to show 
the variation m concentration of the more important urinary constituents 
in day and night specimens The molar concentration of those substances 
showing only a slight diurnal rhythm, namely phosphate, sulphate, and 
ammonia increases slightly in the night urine In the case of sodium, 
potassium, and chlonde, the decrease in excretion during the night is 
parallel to a decrease in unne volume so that no regular change in the 
molar concentration of these elements occurs Fluctuations m the total 
molar concentration of the inorganic ions are insignificant and the higher 
specific gravity of the night unne is due largely to an increase in the 
molar concentration of the nitrogenous substances, of which urea is the 
most important 

The marked diurnal fluctuations in unnarj sodium, potassium, and 
chlonde excretion suggest the possibility of a corresponding change in 
the quantity of these elements in the blood Unfortunately, only one 
expenment beanng on this point was earned out 

The results, presented in Table III show no significant change m 
serum sodium or chlonde in spite of a wide difference in urinary sodium 
and chloride excretion between the day and night penod Considered 
as a single expenment, no conclusions can be drawn The results, how- 
ever, are in accord with those of Norn (3) 
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WATER AND MINERAL EXCHANGE 




TABLE II 

Comparison of the moUir concentraiton of itnnary eomhtucnts in day and mghl periods Urea is calculated as 80 per cent of the urinary nitrogen 

H D , age 5 years Weight 20 kgm 
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water and MINERAL EXCHANGE 


The efTect of actmty on the diurnal rhythm was studied in a short ex- 
periment presented m Table IV On the second day, the routine \\ as al- 
tered so that the subject remained inactive, but awake, lying quietly on his 
back, from 6 00 A M to 12 00 noon In spite of the reduced activity, the 
usual matutinal nse in urine volume, and sodium, potassium, and chloride 
excretion occurred He was allowed to sleep as usual from 6 00 P M to 
12 00 midnight but was kept awake and active from midnight to 6 00 
A M Comadent with the resumption of activity, water balance became 
negative, and urine volume, sodium, potassium, and chlonde excretion 
increased The subsequent sleeping penod from 6 00 A M to 12 00 
noon was unsatisfactory because of restlessness on the part of the subject 
Unne and mineral excretion remained at about the same level as m the 
preceding penod, but in spite of this they increased in the subsequent 
penod m which normal activity was resumed 

Although the expenment is not entirely satisfactory, the results are 
in accord with those of Norn (3) who was able to reverse the rhythm in 
subjects working at night and sleeping by day 

The diurnal rhythm under abnormal metabolic conditions 

A few expenments which were made under abnormal experimental 
conditions are presented in order to demonstrate the tenacity with which 
the rhythm is maintained even under extreme metabolic conditions 
The data presented in Part I of Table V are selected from a period in 
which ingestion of ivater was being forced In spite of the large unne 
output, the volume of unne of the day exceeds that of the night period 
and the diurnal fluctuation in sodium and chlonde excretion persists 
Even in a state of dehydration, as shown in Part II of Table V, the 
maximum water and mineral loss A\as found to occur in the day period 
Unne volume, potassium, and chlonde excretion reached a maximum 
dunng the day and the negative water balance of the day exceeded that 
of the night penod Sodium balance may be temporanly reversed, the 
excretion of the night period exceeding that of the day as it W'as found 
to be on the second day of the experiment 

The results of a fasting period of tw'o days duration are presented in 
Table VI The usual rhythm in water balance, chlonde, and sodium 
excretion was maintained and the small vanations in phosphate and 
sulphate noted under normal conditions were more pronounced Noc- 
turnal excretion of potassium, ammonia, and titratable acidity w'as in- 
creased on the second day of fasting to the point at which it exceeded 
that of the da> Sodium, potassium, and chlonde were stored during 
the recox eiy’’ penod In spite of the demand of the body for the replenish- 
ment of depleted stores, the diurnal rhythm in axcretion of these sub- 
stances persisted 



TABLfi IV 

The ejfecl of changes tn the routine of sleep and actmty on tht diurnal rhythm N F age 10 years Weight 27 kgnt 
















































TAnLE V 

The tnflucuce of dttircsts and deh^dratto/i on the diurnal rhythm II D , age 5 years Weight 20 kgm 
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TABLE VI 

The t^eclojjaslingoyi the dturnal rhythm N P age 10 years Weight 27 kgm 
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UATER A^•D MINER/\E EXCHANGE 


The results of a study of a three day fast contained in Table VII 
show the same fluctuation in ater, unne volume and sodium as in Table 
VI Potassium balance was reversed on the second day of fasting, the 
excretion of the night penod exceeding that of the day The ability of 
the body to conserve base to replace depleted stores was strikingly 


TABLE VII 


The ^nfluence of a Ihrce-day fast and subsequent recoiery period, on the diurnal rhythm 
J R , age 15 years Weight 40 kgm 


Time 

1 

Penod 1 

W'ater balance 

Urine 

\olume 

Sodium 

Potassium 

Total 

v.*ater 

a^nil 

able* 

Total 

water 

lost 

Balance 

Intake 

Unne 

Intake 

Urine 



grams 

grams 

grams 

cc 

msm 

mgm 

mgm 

mgm 

6 A M -6 P M 

Fasting^ 

IIEii 

1745 

-605 

1225 


2795 


942 

6 P M -6 A M 



1030 

-fllO 

675 


1305 


503 

6 A -6 A M 



2775 1 

-495 

1900 


4100 


1445 

6 A M -6 P M 

Fastinc 


1510 

-460 

942 


itHI 


332 

6 P M -6 A M 


■Cn! 

1200 

-150 

800 


WigljM 

j 

823 

6 A M -6 A M 


2100 

2710 

-610 

1742 


wm 


1155 

6 A M -6 P M 

Fasting 

■Cfsi 

1460 

-420 

Bl 


890 

1 

1242 

6 P M -6 A M 


lEEl 

1070 

- SO 



400 


1066 

6 A M -6 A M 


2060 

2530 

-470 

m 


1290 


2308 

6A M-6 P M 

Stand- 

910 

1020 

-no 

565 


80 

610 

I 562 

6 P M -6 A iM 

ard 

910 

1110 


490 

230 


610 

94 

6 A M -6 A M 

diet 

1820 

2130 


1055 

460 

80 

1220 

656 

6 A M hS P M 

Stand- 

wm 

880 

-f 30 

365 

230 

■| 

11 

143 

6 P M -6 A M 

ard 


790 

4-120 

405 

230 


El 

61 

6 A M -6 A M 

j diet 

H 

1670 

4-150 

770 

460 

■ 

1220 

204 


* Preformed water freed by the catabolism of body protein and fat was 
calculated bj' the method suggested by New'burgh, Johnston, and Palcon- 
Lesses (4) 


demonstrated dunng the recovery penod Sodium almost disappeared 
from the unne Potassium although diminished w'as excreted m larger 
quantities dunng the day than at night Whatever the factors may be 
controlling the diurnal fluctuations, it is obvious that each element may 
be selectn ely influenced by other more fundamental physiological mech- 
anisms, in this case, the demand of the organism for sodium to replenish 
depleted stores 

DISCUSSION 

The foregoing expenments furnish proof of a well established diurnal 
rhythm in water balance, unne volume, urinary sodium, potassium, and 
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chlonde excretion, tmd specific gravity The small fluctuations noted 
in unnary phosphate, sulphate, titratable aadity, and ammonia are of 
questionable significance, although there is almost uniformly a larger 
excretion of all these solutes during the day than at night No significant 
change in calcium or magnesium occurs The increased specific gravity 
of the night unne specimen is due largely to the nitrogenous fraction in 
spite of the fact that the total amount of unnary nitrogen excreted is 
slightly smaller dunng the night 

As a rule the negative water balance, unne volume, and urinary 
sodium, potassium, and chloride output reach a maximum in the morning 
penod from 6 00 A M to 12 00 noon, decline in the afternoon, and 
decrease sharply at night, water balance becoming positive, and volume 
of unne, and sodium, potassium and chlonde excretion reaching a 
minimum m the penod from 12 00 midnight to 6 00 A M , which is 
coincident with the penod of greatest water retention The results 
obtained are at vanance with those of Norn (3) who found that the penod 
of maximum excretion occurred from 12 00 noon to 3 00 P M They are 
in accord with those of Simpson (2) who observed a large matutinal 
increase in unnary volume and chlonde after waking 

Under standard expenmental conditions the rhythm is tenaciously 
maintained, although in abnormal conditions, such as dehydration and 
fasting, vanous constituents may be specifically influenced, for example 
sodium in dehydration and potassium in fasting 

Throughout the entire study a rough parallelism has been observed 
between water balance and the sodium, potassium, and chlonde which 
appear in the unne, the negative water balance of the day penod com 
admg with the penod of maximum unnary sodium, potassium, and 
chlonde excretion, and the positive water balance of the night penod 
coinciding with the penod of minimum excretion The largest negative 
water balance and sodium, potassium, and chlonde excretion occur 
together from 6 00 A M to 12 "00 noon and the largest positive water 
balance and smallest mineral excretion from 12 00 midnight to 6 00 A M 
This IS of interest in view of the fundamental conception of Gamble, 
Ross, and Tisdall (13) who established the fact that a close quantitative 
relationship exists between mineral and water metabolism, a retention 
of water requinng a retention of minerals and vice versa In the data 
recorded here only a qualitative rather than a quantitative relationship 
can be established This is not surprising, however, m view of the 
technical difficulties encountered in accurately determining water balance 
over the short periods used In general the results tend to uphold such 
a concept 

Based on the fact that potassium is limited almost exclusively to 
intracellular flmd and sodium to extracellular fluid. Gamble, Ross, and 
Tisdall (13) have considered changes in potassium as indicative of changes 
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TAULE VI! 


Tfi- T- '-r~ e r’ c. i^’fr ia /cj* rrd itibseqjtni recovery period, on ihe diurnal rhythm 
J R , cte i5 years IVeifil I 40 kgm 
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chlonde excretion, and speafic gravity The small fluctuations noted 
m urinary phosphate, sulphate, titratable aadity, and ammonia are of 
questionable significance, although there is almost uniformly a larger 
excretion of all these solutes dunng the day than at night No significant 
change in calcium or magnesium occurs The increased specific gravity 
of the night unne speamen is due largely to the nitrogenous fraction in 
spite of the fact that the total amount of urinary nitrogen excreted is 
slightly smaller during the night 

As a rule the negative water balance, unne volume, and unnary 
sodium, potassium, and chlonde output reach a maximum in the morning 
penod from 6 00 A M to 12 00 noon, decline in the afternoon, and 
decrease sharply at night, water balance becoming positive, and volume 
of urine, and sodium, potassium, and chlonde excretion reaching a 
minimum in the period from 12 00 midnight to 6 "00 AM , which is 
coinadent with the period of greatest water retention The results 
obtained are at vanance with those of Nom (3) who found that the penod 
of maximum excretion occurred from 12 00 noon to 3 00 P M They are 
in accord with those of Simpson (2) who observed a large matutinal 
increase m unnary volume and chlonde after waking 

Under standard expenmental conditions the rhythm is tenaciously 
maintained, although in abnormal conditions such as dehydration and 
fasting, various constituents may be speafically influenced, for example 
sodium in dehydration and potassium in fasting 

Throughout the entire study a rough parallelism has been observed 
between water balance and the sodium, potassium, and chlonde which 
appear in the urine, the negative water balance of the day period coin- 
ciding with the penod of maximum unnary sodium potassium, and 
chlonde excretion, and the positive water balance of the night penod 
coinading wnth the penod of minimum excretion The largest negative 
water balance and sodium potassium, and chlonde excretion occur 
together from 6-00 A M to 12 00 noon and the largest positive water 
balance and smallest mineral excretion from 12 00 midnight to 6 00 A M 
This IS of interest in view of the fundamental conception of Gamble, 
Ross, and Tisdall (13) who established the fact that a close quantitative 
relationship exists between mineral and water metabolism, a retention 
of water requinng a retention of minerals and vice versa In the data 
recorded *^ative rather than a quantitative relationship 

surprising, however, in view of the 
t^jp^^^^^^^^^^JJ^^^^^'yurately determining water balance 
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chlonde excretion, and speafic gravity The small fluctuations noted 
in unnary phosphate, sulphate, titratable acidity, and ammonia are of 
questionable significance, although there is almost uniformly a larger 
excretion of all these solutes during the day than at night No significant 
change in calcium or magnesium occurs The increased specific gravity 
of the night unne specimen is due largely to the nitrogenous fraction in 
spite of the fact that the total amount of urinary nitrogen excreted is 
slightly smaller during the night 

As a rule the negative water balance, unne volume, and unnary 
sodium, potassium, and chlonde output reach a maximum in the morning 
penod from 6 00 A M to 12 00 noon, decline in the afternoon, and 
decrease sharply at night, water balance becoming positive, and volume 
of urine, and sodium, potassium, and chloride excretion reaching a 
minimum in the penod from 12 00 midnight to 6-00 AM , which is 
coinadent with the period of greatest water retention The results 
obtained are at variance with those of Norn (3) who found that the penod 
of maximum excretion occurred from 12 00 noon to 3 00 P M They are 
in accord with those of Simpson (2) who observed a large matutinal 
increase in urinary volume and chloride after waking 

Under standard experimental conditions the rhythm is tenaciously 
maintained, although in abnormal conditions such as dehydration and 
fasting, various constituents may be speafically influenced, for example 
sodium in dehydration and potassium in fasting 

Throughout the entire study a rough parallelism has been observed 
betiveen water balance and the sodium, potassium and chlonde which 
appear in the urine, the negative water balance of the day period com 
ciding with the penod of maximum unnary sodium, potassium, and 
chlonde excretion, and the positive water balance of the night penod 
coinading with the penod of minimum excretion The largest negative 
water balance and sodium, potassium, and chlonde excretion occur 
together from 6 00 A M to 12 00 noon and the largest positive water 
balance and smallest mineral excretion from 12 00 midnight to 6 00 A M 
This IS of interest in view of the fundamental conception of Gamble, 
Ross, and Tisdall (13) who established the fact that a close quantitative 


relationship evsts between mineral and water metabolism, a retention 
of water requinng a retention of minerals and vice versa. In the data 
recorded -Tli^fative rather than a quantitative relationship 

' surprising however, in view of the 

xurately determining water balance 
1 the results tend to uphold such 

limited almost exclusively to 
'lar fluid. Gamble, Ross, and 
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chlonde excretion, and specific gravity The small fluctuations noted 
in urinary phosphate, sulphate titratable aadity, and ammonia are of 
questionable significance, although there is almost uniformly a larger 
excretion of all these solutes during the day than at night No significant 
change in calaum or magnesium occurs The increased specific gravity 
of the night unne speamen is due largely to the nitrogenous fraction in 
spite of the fact that the total amount of unnary nitrogen excreted is 
slightly smaller during the night 

As a rule the negative water balance, unne volume, and unnary 
sodium, potassium, and chloride output reach a maximum in the morning 
penod from 6 00 A M to 12 00 noon, decline in the afternoon, and 
decrease sharply at night, water balance becoming positive, and volume 
of unne, and sodium, potassium, and chlonde excretion reaching a 
minimum in the period from 12 00 midnight to 6 00 A M , which is 
coinadent with the period of greatest water retention The results 
obtained are at vanance with those of Nom (3) who found that the penod 
of maximum excretion occurred from 12 00 noon to 3 00 P M They are 
in accord with those of Simpson (2) who observed a large matutinal 
increase in urinary volume and chlonde after waking 

Under standard expenmental conditions the rhythm is tenaciously 
maintained although in abnormal conditions such as dehydration and 
fasting, vanous constituents may be specifically influenced, for example 
sodium in dehydration and potassium in fasting 

Throughout the entire study a rough parallelism has been observed 
between water balance and the sodium, potassium and chlonde which 
appear in the urine, the negative water balance of the day penod coin- 
ciding with the penod of maximum unnary sodium, potassium, and 
chlonde excretion, and the positive water balance of the night period 
coinading with the penod of minimum excretion The largest negative 
water balance and sodium, potassium and chlonde excretion occur 
together from 6 00 A M to 12 00 noon and the largest positive water 
balance and smallest mineral excretion from 12 00 midnight to 6 00 A M 
This IS of interest in view of the fundamental conception of Gamble, 
Ross, and Tisdall (13) who established the fact that a close quantitative 


relationship exists between mineral and water metabolism, a retention 
of water reqmnng a retention of minerals and vice versa In the data 


recorded her^^2!r—-~r: 



' lative rather than a quantitative relationship 
t surprising, however, m view of the 
curately determining water balance 
I the results tend to uphold such 

limited almost exclusively to 
lar fluid Gamble, Ross, and 
■Slum as indicative of changes 
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m intraEellular water and changes m sodmm as corresponding to those 
affecting extracellular water Since sodium and potassium both take 
part in the diurnal rhythm, it may be assumed that both intra- and 
extracellular water and minerals enter into the changes noted 

In general the fluctuations recorded seem to be dependent more on 
the difference m the state of consciousness, as between sleeping and 
waking, than upon vanations m the degree of physical activity Al- 
though It IS dangerous to draw conclusions from a single experiment, the 
data presented in Table IV would tend to minimize the importance of the 
latter On the second experimental day, in spite of the fact that the 
subject remained quiet and inactive flat on his back from 6 00 A M to 
12 00 noon, the usual matutinal increases in unne volume, chloride, 
sodium, and to a lesser extent potassium, occurred, whereas with the 
resumption of normal activity in the subsequent period from 12 00 noon 
to 6 00 P M , excretion was materially diminished The results are in 
accord with those of Nom (3) who found the rhythm was uninfluenced 
by wide differences in muscular activity 

The mechanism involved remains obscure Since the subjects were 
fed equal meals throughout the twenty-four hour period, differences in ^ 
intake are excluded unless it be discovered that sleep interferes with 
intestinal absorption That such is not the case is indicated by the fact 
that the rhythm persists in fasting 

The variations in the metabolic rate between sleeping and the waking 
state could account for only minor fluctuations In the expenments 
recorded, the metabolic rate, estimated from the metabolism tables of 
Atwater and Benedict, was usually approximately 15 to 20 per cent 
higher dunng the day from 6 00 A M to 6 00 P M than at night Such 
an increase obviously provides for excretion of larger amounts of minerals 
and water of hydration and oxidation of catabohzed substances during 
the day than at night The difference m regard to water, however, 
amounts to only a few cubic centimeters and is insufficient to account 
for the large diurnal rhythm noted Further evidence of independence 
of metabolic rate has been presented in Table IV in which the usual 
matutinal increases occurred in spite of the fact that the subject remained 
flat on his back and inactive, whereas m the subsequent period, when 
with the resumption of normal activity the metabolic rate increased, 
the values for unne volume and mineral excretion decreased 

STOBIARY AND CONCLUSIONS 

1 There is a diurnal rhythm in mineral and water balance char- 
actenzed by the facts that unne volume and urinary sodium, potassium, 
and chlonde excretion are greater dunng the day than at night The 
larger unne volume of the day period is associated with a negative water 
balance, counterbalanced at night by a decreased unne volume and 
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positive water balance Only slight fluctuations are noted in unnary 
phosphate, sulphate, titratable aadity, and ammonia, although there is 
almost uniformly a largeb excretion of afl these solutes dunng the day 
than at night No significant shift in calcium and magnesium occurs 
"Total inorganic acid” and "total base” excretion are greater dunng 
th^ay than at night, due largely to the sodium, potassium, and chlonde 
fractions 

2 The negative water balance, unne volume, and urinary sodium, 
potassium, and chloride output reach a maximum in the morning penod 
from 6-00 AM to 12 00 noon, decline m the afternoon, and fall off 
sharply at night, water balance becoming positive, and sodium, potassium, 
and chlonde excretion reaching a minimum from 12-00 midnight to 
6 00 A M , coinadent with the penod of greatest water retention 

3 The nse m the specific gravity of the night unne is due largely to 
an increase in the molar concentration of the nitrogenous fraction, in 
spite of the fact that the total amount of urinary nitrogen excreted is 
slightly dinnnished dunng the night 

4 A rough parallelism exists between water balance and unnary 
sodium, potassium, and chloride excretion The negative water balance 
of the day penod comades with the penod of maximum sodium, potas 
Slum, and chlonde excretion and the positive water balance of the night 
penod comades with the penod of minimum excretion The largest 
negative water balance and sodium, potassium, and chlonde excretion 
occur together from 6 00 A M to 12 00 noon and the largest positive 
balance and smallest excretion from 12 00 midnight to 6 00 A M 

5 Since sodium and potassium both take part m the diurnal rhythm, 
it may be assumed that both intra and extracellular water and mineral 
metabolism contnbute to the changes observed 

6 Either unnary sodium or potassium excretion may be specifically 
influenced in abnormal metabolic conditions In dehydration the diurnal 
rhythm in sodium is temporanly reversed with night excretion exceeding 
that of the day penod, while in fasting potassium may be reversed 

7 The mechanism involved m raeuntaining such a constant rhythm 
seems to be dependent upon the difference between the sleeping and 
waking states of consaousness rather than upon changes in the degree 
of physical actinty, although the influence of the latter has not been 
adequately excluded 
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THE EFFECT OF SPLENIC CONTRACTION ON THE FORMED 
ELEMENTS OF THE BLOOD IN A CASE OF ANEMIA 
AND SPLENOMEG'^LY 
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The function of the spleen as a reservoir for the formed elements of 
the blood is a comparatively recent conception Experimental studies 
have dealt principally with the number of ervthrocvtes stored or static 
in the splenic pulp and have neglected other equally significant cellular 
elements Such studies moreover have been almost entirelv made 
upon animals and the application of the results to problems of human 
physiology has not been proven 

Stukeley (1) suggested m 1723 that the spleen manifested relaxation 
and active muscular contraction Gray (2) in 1854 mentioned the 
function of the spleen as that of a safety valve ' for the storage of blood 
apart from the general circulation Roy was the first phjsiologist to 
observe the actual rhythmic movements and contraction of the spleen 
m laboratory animals (3) His work was confirmed m 1896 b> Schafer 
and Moore who also demonstrated the innervation of the organ (4) 
The present day views of the function of the spleen as a blood reservmir 
are largely due to the work of Barcroft and his associates (5) Barcroft 
brought the spleens of dogs out through a sht in the abdominal wall and 
left them in this position for considerable periods of time protected only 
by saline dressings With these preparations he demonstrated the rhyth 
mic movements of the spleen and also the activ e contraction after v arious 
stimuli such as heat exercise and emotion It was shown in later experi 
ments that the spleen of the dog contracts to one half or one third of 
Its normal size during exercise and to an even greater extent after severe 
hemorrhage or the death of the animal His vv ork w ith carbon monoxide 
has clearly demonstrated that the spleen serves as a reserv'oir of red blood 
corpuscles 

Man> studies have been made on the hemoglobin content and the 
ervthrocyte count of blood expelled from the spleen both during active 
contraction and while the organ was quiescent Consistent results have 
not been obtained In some cases identical values were obtained for 
blood from the splenic artery and vein Cruickshank (6) working m 
Barcroft s laboratorv bv cannuhzing the inferior mesenteric vein col 
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lected blood during contractions of the spleen At tiie same tune he 
measured the contraction of the spleen and the quantity of binod txpellcd 
From expenments of this nature he determined that the blood expdkd 
was often richer in hemoglobin than was the blood of the general circu- 
lation The concentration of hemoglobin xaried during the contraction, 
the maximum value being 20 to 40 per cent higher than that of the 
normal peripheral blood The amount of blood expelled from the spleen 
by a single contraction was estimated to be 2 6 to 5 6 per cent of the 
total blood volume of the animal 

An opportunity for the detailed study of the spleen as a rcscrxoir of 
blood was presented to us in a patient in which there was an anemia and 
splenomegaly The spleen in this patient was easilv demonstrable and 
could be visualized by the \-ray It was obserc'ed that the spleen 
inx'ariablj^ contracted following the intravenous injection of Iner extract, 
a therapeutic measure instituted with a view to reheiing the anemia 
The present paper deals with the changes in the number and character 
of the formed blood elements which took place during the splenic con- 
tractions induced by this and other methods 

METHODS 

The general plan was to stud> the character and cellular conipo=;ition of the 
peripheral blood before and after the induced contraction of the spleen, and 
to compare these findings with the changes in the sire of the organ, as de- 
termined be x-ra\ 

Blood samples were taken be \enipuncturc both before and after the 
splenic contraction The red and white corpuscles were enumerated in the 
usual waj in these samples Hemoglobin determinations were made iiv the 
Sahh acid hematin method, using calibrated tubes and standards 'f he nitan 
corpuscular eolume of the erj throcj tes was determined with the Wintrolie 
hematocrit tube Enumeration of the blood platelets was then done on blood 
obtained from a freeh bleeding puncture of the car lobe Three per cent 
sodium citrate solution prepared freshh c\crv daN was used as a diluting fluid 
in the red corpuscle pipette Great care was exercised to keep the soduiin 
citrate solution and all the glassware free from dust and dirt Eragilitv tests 
of the red corpuscles were done b> the usual method, using sodium chloride 
solutions in dilutions larving from 0 52 to 0 28 per cent Controls were made 
on normal bloods at each determination Blood eolume determinations b> the 
Mtal red method of Rowntree (7) were made before and after splenic con 
tractions X-ra\s of the spleen were taken before the injection and at regular 
inter\als following the contractions The surface area of the splenic shadow 
was measured on these x-r 3 \s with a KcufTei and Esscr plamnieter I he 
upper pole of the spleen could not be definitelv outlined therefore identic il 
points were taken on the ribs from which measurements were made 

OBSERt ATIOXS 

Chmeal summary The patient a 55 \ear old Puerto Rican woman 
entered the hospital complaining of attacks of diarrhea and abdominal dis- 
comfort of four and a half %ears duration A diagnosis of sprue had been 
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imde fifteen >ears ago hile the patient was a resident of Puerto Rico Follow 
ing her arrnal in this country thirteen >ears ago the diarrhea ceased and the 
patient gained weight There was no history of jellow fe\er, t>phoid or 
malana 

The present illness began about four and a half \ears ago when the patient 
noticed fi\e or si\ loose bowel nio\ements a da\ These attacks lasted about 
three weeks and occurred once or twice a jear An abdominal mass was 
noticed on the left side of her abdomen three years ago Si\ months before 
entry the patient noticed shortness of breath and pallor Three months later 
a local doctor found a se\ere anemia and transfused the patient Following 
this the patient impro\ ed and was well until one month before entr> w hen her 
diarrhea and abdominal discomfort returned At the same time her pallor 
was again noticed and she became short of breath on cvertion 

Physical cxaniination The patient was markedly emaciated and had 
moderate pallor of her skin and mucous membranes Jso lymphadenopathy 
was present The heart and lungs were normal The abdomen was mod 
eratelv distended A large hard mass was palpated on the left side of the 
abdomen The lower edge of the mass extended to the level of the umbilicus 
the medial edge extended to the mid abdominal line A notch was felt m this 
medial border The red blood count wais 3 240 000 hemoglobin 71 per cent 
white cell count 1 2a0 The differential counts done with Wrights stained 
smears and by the supravital technique showed no abnormal cells The 
fragility of the red blood cells was within normal limits Gastric analysis 
showed no free hydrochloric acid after histamine expression 

For the treatment of the anemia hver extract was given intravenously 
During the first injection which was of twenty minutes duration the patient 
complained of se\ere abdominal pain localized o^er the splenic area Nausea 
and vomiting promptlv occurred Toward the end of the injection marked 
flushing of the face neck hands and arms was present Immediately following 
the injection palpation of the abdomen revealed that the spleen the lower 
edge of which had been just below the level of the umbilicus had contracted in 
size until Its lower edge was palpable about 1 0 cm below the costal margin 
Moreover VNhercas the spleen had been hard before injection it was found to 
be very soft in consistency after the shrinkage in size This obser%ation 
suggested the studies reported in this communication Table I represents a 
typical chronological protocol of these studies 

The results obtained in a typical study using liver extract by' mtra 
venous injection as a stimulant to splenic contraction are shown in 
Table II From this table it is evident that without essential ch^nge in 
the total blood volume there was a significant increase in the formed 
elements of the blood following a shrinkage m the size of the spleen 
Twenty four hours later the spleen had practicallv regained its original 
size Figure 1 presents tracings of the splenic shadow taken from the 
X ray s and demonstrates the change of size of the spleen The area of 
the spleen before injection was 90 3 sq cm Immediately after injection 
the spleen had contracted to an area of 32 3 sq cm Accompanying 
this contraction there v\ as an increase of 520 000 red blood cells m the 
erythrocyte count The hemoglobin increased 15 per cent At the 
same time even more marked rises were found in the white count and 
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3 26 
3 28 
3 30 
3 38 
3 42 
3 45 

24 hours later \ 


T\nii I 

Chromlogtcal protocol 
Rennrks 

Palpation of abdomen re^e'lls a firm hard spleen, the loucr edee of 
^\hIch IS at the le\el of the umbilicus 
X-ra\ of spleen 

First bleeding Blood pressure 1 20 '70 
Platelet count 

11 0 cc 15 per cent \ital red solution guen iiitra\cnousK 
Bleeding for blood \olume 

Injection of 10 0 cc U\er extract Eh LilK (or 20 cc Parke DaMsI 
begun Blood pressure 122/68 

Patient complained of serere pain in abdomen, headache and naiista 
No \omiting 

Marked flushing of face has occurred 
Blood pressure 84/44 

Injection completed Spleen palpable about 2 0 cm belon the costal 
margin 

X-ra^ of spleen 
Bleeding 
Platelet count 

1 1 0 cc IS per cent \ ital red solution giv cn intras cnoiislv 
Bleeding for blood \olume 
X rar of spleen 
rat of spleen 


the platelet count, the increase of the former being 950 cells and of the 
latter 74,000 Determination of the blood \olume aftci contraction of 
the spleen showed an increase of the total blood \olume of only 200 cc 
Uith this the plasma tolume decreased from 65 to 60 per cent I here 
was also a decrease in the total plasma volume The fragilitt of the red 
cells to sodium chloride solutions was not altered after contraction of 
the spleen 

T\BLE II 


Effects of contraction of the spleen induced b% Iner extract 



1 

Area of 
‘Spleen 

i 

Red 

count ' 

Ilcmo 
globm ' 

White 

Count 

corpus 

cular 

volume 

Color 

index 

I 1 itl IlI hl(Kl 1 
count ptt K ufc 


1 5*7 cm 

millions 

prr cent 


o' 



Patient 








Before injection 

90 3 

3 72 

70 

I 3400 

0 870 

0 950 

49 000 120/70 

After injection 

32 3 

4 24 

i 85 

2350 

0 865 

1 00 

123,000 95/60 

24 hours later 

89 1 

3 67 

69 

1150 

0 860 

945 

52 000 

Control 








Before injection 


2 68 

67 

4850 

1 26 

1 25 

152,000 115/65 

After injection 


2 57 

) 

66 

4500 

1 28 

1 28 

138,000j 90/60 


Total blcxxl \ olumc | Total pH'tira \Qlume jl h^rtaii tcr-it 


3,800 

4,000 


Before injection 
After injection 


2 520 I 65 

2,410 I 60 
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Before injection 




Fig 1 

Shoi\s a senes of tracings taken from the \ ra>s of the spleen demonstrating 
the size of the spleen immediately before the injection of li\er extract immedi 
ately after contraction had occurred and S hours later at which time the 
spleen had practically regained its original size 


A study of the formed elements of the blood follow mg the injection 
of liver extract intravenously into a control patient with anemia, but 
without splenomegalv is also included in Table II It is evident from 
these results that there was no appreciable alteration in these elements 
following this injection Results similar to those found in Table II 
have been obtained repeatedlv following the intravenous injection of 
liver extract into the patient with splenomegaly The degree of con 
traction of the spleen and the changes in the formed elements of the 
blood have varied directly with the degree of contraction obtained in 
each studv The observations presented here are neither the maximal 
nor the minimal results obtained but are taken as the most typical 
The combined results of the alterations of the formed elements in 
the peripheral blood obtained after induced splenic contraction in five 
studies in which liter extract was used as the stimulant are presented 
m Table III The axerage splenic contraction as shown was from a sur 
face area of 93 6 sq cm to an area of 50 0 sq cm This is a decrease in 
the size of the spleen to 53 per cent of its original size The average 
increase in the erythrocyte count after contraction was 500 000 red cells 
or an increase of 13 9 per cent Together with this the hemoglobin 
increase in this series was 10 per cent, or an aterage increase of 13 7 
per cent of the original average hemoglobin \alue The white blood 
cells showed an axerage increase of 840 cells or average increase of 51 
per cent The blood platelets showed an axerage increase of 66 000 or 
of 105 per cent It is apparent from this table that the relatixe increases 
xxere far greater for the xxhite cells and the blood platelets than for the 
erythrocytes this obserx ation xx as seen in ex ery study 
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Tie, 2 

This 5s an x-ra% of the spleen taken immcdnteK btfort the injcetion of 
Iner extract In this \-ra\ the louer border of the spleen is seen beneath the 
crest of the liium 


TtfILl 1» 

Com6iiierf sliidies of splenic contractions induced by (tier extract 



\r<n of ; 
t.pl<^en 1 

Red 

count 

Memo 
R\r)l)\n 1 

1 

\\ hut 

HittVt 

count 

Before injection 

sq cm 

i 93 6 

i ynttltons ' 

3 62 i 

per Ctrl 

73 

i 1660 

1 

1 

1 63 000 

After contraction 

50 0 

4 t2 j 

83 

2500 

129000 

Per cent increase ' 

( 

13 0 1 

13 7 ; 

51 0 

105 0 


These obserx ations suggested the possibihtx of attempting to e\ aluat< 
on the human spleen the effects of certain drugs uhich haxe l>etn knov n 
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This IS an \ ra> of the spleen taken immediately after the injection of 
liter extract and demonstrates the change in size of the splenic shadow 


to stimulate splenic contractions m animals Consequently adrenalin, 
histamine and eserme were used to induce splenic contractions The 
results obtained follow mg the intramuscular injection of these drugs are 
presented m Table IV 

As shown m the table a marked contraction of the spleen was noted 
eight minutes after the intramuscular injection of 1 0 cc of adrenalin 
The spleen contracted from an area of 109 0 sq cm to an area of 48 7 
sq cm One hour later it had increased m size to 82 4 sq cm Accom 
panying this contraction there w as an increase in the red blood cell count 
of 650 000 cells together with an increase of hemoglobin of 19 per cent 
In this study the white blood cells show ed the maximal increase obtained 
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T\ni,r i\ 


Effects of contractioh of the spleen ii duced b\ adrei aUn I tsinn i> e n> d eserii e 
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Adrenalin 









Before iniection 

109 1 

3 22 

63 

1500 

0017 



121 75 

S minutes after injection of 









1 cc . I M * 

48 7| 

3 87 

79 

nm 

0 925 


1 58 000; 

138,80 

1 hour after injection 

84 2 








Histamine 









Before injection 

100 s 

3 32 

65 


0015 

0 985! 


122, 7S 

7 minutes after injection of 


i 







1 mgm I M 

T5~S 

1 3 67 


tMim 

0915 

UllJflll 

124 000 


1 hour after injection 

935 








Cserine 









Before injection 

97 5 

3 37 

64 

1250 



Hfinniu 

128 70 

40 minutes after injection of 









2 4 mgm I M 

73 6 

3 36 

64 



0 955 


tl5 75 


* I M — intramusciilarh 


nameK , 2,600 cefis, or an increase of 172 percent ^^’ItIl tins contraction 
there was also an increase in the platelet count of 68,000 

Splenic contraction was also induced b\ the intramuscular injcctinn 
of 1 0 mgm of histamine Se\en minutes after this injection the spken 
had contracted from 100 8 sq cm to 75 5 sq cm In one hour it had 
increased in size to 93 5 sq cm . that is, almost to its original si/c W ith 
this contraction there was an increase in the red cell count of 150.000 
red cells, with a 5 per cent increase of hemoglobin The white bleiod 
cells increased be 1,050 cells and the platelet count was mcaa'^ed b> 
56,000 platelets As in the preeious studies the white blood cells and 
platelets showed a greater proportional increase than the red cells and 
the hemoglobin 

The intramuscular injection of 2 4 mgm cserine sulphate also mdiieed 
a splenic contraction This contraction did not occur until 40 minutes 
after the injection The surface area of the spleen decreased from 97 5 
sq cm to 73 6 sq cm As seen in Table IV there was no appreciable 
alteration in the formed elements of the blood accompan\ ing this con- 
traction This was the onh stud) in which no significant alteration of 
the formed elements of the blood was obtained with an induced splenic 
contraction When the paras% mpathetic nereous s)stem was blocked 
b\ gumg atropine intramusculark no contraction followed the injection 

^DiffSential blood counts arc found m Table \ There wa= a relatiu 
and absolute increase in the pole morphonuclear cel! count after the 
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This \ ra> of the spleen was taken 5 hours after the contraction had 
occurred It demonstrates the return of the spleen to its original size 

TABLE V 


Differential uhtte counts 



Contnction inducwl bi 

In er extract 

Contraction induced 
b> adrenalin 


Before 

\fter 

Before 

After 

Polvmorphonuclears 

per cent 

46 

per cent 

72 

per cent 

\ 44 

ter eeni 

57 

Eosinophils 

Small l>mphocytes 

51 

22 

52 

1 

37 

Large l>mphoc\i:es 

2 

2 

2 

2 

Monocytes 

1 

4 

2 

1 

3 
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induced splenic contraction Accompan\ mg thi'^ then, was a relatui 
decrease in the K mphoct te count These \ariations wen. found with 
each splenic contraction studied No abnormal cells were sten in tin 
smears taken either before or after the contraction The nttculocen 
count showed no tanation 

The blood pressure was followed in each s(ud\, as ma\ lie s(,v„ 
Tables II and I\ A fail in blood pressure was intariabh obtained fol- 
low mg the mtra\ enous injection of In er extract A similar fall of blood 
pressure occurred after the injection of histamine In the studns m 
which adrenalin and esenne were used as the stimulant to contraction, 
there was in\ariably a rise in blood pressure 


DISCUSSION 

Before discussing the data presented in this paper it ma\ be well to 
point out that w hiie certain changes in blood cvtologv took place as a 
result of the induced splenic contractions, the results ma\ not be indica- 
tne of the function of the normal spleen, since it ma> be recalled that 
the patient showed both an anemia and a spIenomegaK OlnioiisU 
such an abnormal organ could store a much greater quantitv of blood or 
cells than could a spleen of normal size Furthermore, the degree or 
ratio of contraction obtained could scarceK be e\ptcted to occur with 
the normal spleen Thus it might be thought that the pathological 
conditions might negate or partialK in\ahdate the significance of tin si 
obser\ations as regards the normal physiological function of the org.ui 
as a blood reservoir This matter cannot be dcfimteK settled at this 
time, but the authors prefer the interpretation that the present circum- 
stances constitute merely an exaggeration of the normal 

The mechanism of the contractions is not clearK understood Dale 
and his co-workers (8) isolated histamine from alcoholic extracts of fresh 
Iner Histamine present in the li\er extract gieen intra\enousl\ might 
then be the substance responsible for the induction of the splenic (on- 
traction Similar effects, nameh a splenic constriction, were prodmed 
with liver extract and with a drug stimulating the s\mpathetic nereous 
system, adrenalin In these two types of experiments, there was a 
lowering of the blood pressure with the Iner extract and a ri=e in blocKl 
pressure accompanting the contraction induced b> adrenalin This 
would seem to eliminate the fall m blood pressure as a significant occur- 
rence Furthermore, whereas there occurred a peripheral -vasodilation 
in the stud\ with h\er extract, and a penpheral \ asoconstriction in the 
contraction induced with adrenalin, it ma\ besafeh stated that pcriphi'ral 
\asodilation had little or no effect on the production of the alteration in 
the blood elements 

The contraction induced b\ histamine mac have been due to ihi 
direct action of the drug on the unstriatc-d musculature of the organ or 
itmav ha\ e been the resfionse of the spleen to shock produced bv tin drug 
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A drug \\ hich stimulates the parasympathetic nervous system namelj , 
eserme, also gave a splenic contraction It mav be pointed out that the 
contraction was smaller than that obtained by other means, and that 
there \\ as no alteration in the blood elements accompanying the change 
in size of the spleen 

Blood volume determinations showed very little alteration There 
may have been at other times a greater increase in blood rolume not 
detected bv the method used Vital red cannot be used repeated!) 
intravenously in clinical studies 

Perhaps the most striking fact among these results is the dispro 
portionate increase m cell counts Thus in each of the studies with 
liver extract and also with the other stimulating drugs the increase in 
the number of white blood cells was over threefold that of the red blood 
corpuscles, while the proportionate increase of the blood platelets was 
almost invanably greater than that of the white blood cells No matter 
what mechanism was involved in the addition of these cells to the 
peripheral blood, these ratios mav represent the relative proportions of 
these cells available in the splenic reservoir This being the case the 
spleen mav be considered as a potential and readily available source 
not only of red blood corpuscles but of white blood cells and blood 
platelets as well It is not inconceivable that the spleen functions as a 
reservoir for these cellular elements 

S^rM^URY 

1 In a patient who showed both anemia and a splenomegaly it was 
possible to induce [and observe] a marked contraction of the spleen bv 
the intravenous injection of liver extract and the intramuscular injection 
of adrenalin histamine and eserme This contraction w as obser\ ed 

2 Accompanying these induced splenic contractions there occurred 
marked increases m the number of cellular elements of the circulating 
blood The relative proportion of the various cellular components sug 
gests that the blood of the splenic reservoir has a cytological composition 
in which the relative proportion of cells is different from that of the 
circulating blood 

3 These expenments make it ob\nous that the spleen must be con 
sidered not only as a reservoir of red blood cells, but that it can also stoie 
proportionallv greater numbers of white blood cells and blood platelets 
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THE PROTEINS OF BLOOD AND SUBCUTANEOUS LYMPH 

IN DOGS 


By A A WEECH E GOETTSCH and E B REE\T;S 

{From the Department of Diseases of Children of Columbia University College of Physicians 
and Surgeons New York City) 

(Received for publication June 17 1933) 

In the course of experiments undertaken to discoxer the effect of 
the flow and the composition of lymph on the formation of edema an 
opportunity has been afforded for comparing the albumin and globulin 
concentrations of blood serum w ith those of Ivmph serum obtained from 
lymphatics of the extremities of dogs The comparison forms the basis 
of this communication 

METHODS 

The dogs used were of mongrel breeds and varied in weight from 15 
to 26 kilograms Lymph was obtained through cannulas inserted into 
one of the lymphatic trunks just abote the ankle of either a front or a 
hind leg Cannuhzation was performed sometimes under ether anes 
thesia, sometimes under nembutal anesthesia and sometimes with the 
aid of a local anesthetic (no\ ocaine) only With animals under general 
anesthesia the flow of lymph was promoted by gentle massage of the foot 
and ankle and passive motion of the extremitj The non anesthetized 
dogs were prepared by the method descnbed by White Field and Drinker 
(1) and allowed to walk about the corridors the normal motion of the 
extremity furnishing the stimulus for lymph flow A fine fibnn clot 
which formed m the lymph on standing was removed before analysis 
Blood was obtained b> puncture of the femoral arterj usuallj at the end 
of the penod of lymph collection and the serum separated as soon as 
possible In several instances blood serum obtained both before and 
after the collection of lymph failed to indicate any change m composition 
dunng the experiment 

Methods of chemical analysis have been described in a previous 
paper (2) In some instances, because the quantities of lymph were 
limited nonprotem nitrogen was determined on the serum onlj and the 
value so obtained used in calculating the lymph proteins The error 
involved m such an assumption is small In nine instances m which 
parallel determinations were made of I>mph and serum nonprotem 
nitrogen the average value for Ijmph wts 24 5 mgm per 100 cc and 
for serum 22 7 mgm per 100 cc 
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The results of 25 parallel esumations of l\inph and scrum illnmiin 
and globulin made on specimens obtained from H dog^ are ‘-lioun m 
Table 1 A companson of the albumin globulin ratios is shown graph- 
ically in Chart 1 Table 1 shows that the \jG ratios for strum \aiud 
from 0 5 to 2 0 The results maA be regarded as accurate at least to tlu 
first decimal as the relatnclv high protein content of serum means that 
small anahtical errors are not reflected in significant \ariations m tlu 
A/G ratio On the other hand the A/G ratios for Kmph \aritd betwnn 
0 1 and 3 0 In this case se%eral specimens of Kmph were tiicountind 

T\BL1 I 


Pro'ei7ts of blood serum and lymph from the legs of dogs 

Data grouped by expenmciits and arranged roughly tn ascending order of the tolnl prottii 

content of lymph 





Tot'll 

Allmmin 






protein 

(. lobulm 











Ut m irk** 


Scrum I 

L\ mph. 

Senitn 

L> mpli 

1 Scrum 

L> mpl>| 

I Scnini 

L.> inph 



grams ] 



scrams 

1 grumj 

fir am s 





pfr 

frr 

per 

per 

per 

per 


1 



too (C 

too cc 

too cc 

too <( 

too e< 

too « 




5 

1 36 

0 05 

1 88 

0 17 

3 24 

0 22 

0 72 

0 29 

I oc — RI— Nutrition il 



1 

1 



1 


1 

i 

cdtiin 

839 

2 36 

0 03 

3 18 

0 29 

5 54 

0 32 

1 

0 74 ; 

0 10 

Xcm — R1 

6 

1 40 

0 07 

1 40 

0 08 

2 80 

0 15 

i 

1 00 

0 99 

Ncm— I T— RIasnnplu r 
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1 t‘;is tdiiin 


1 40 

0 24 

1 40 

0 08 

i 2 80 

0 32 

1 00 

3 00 

R-i — Gtntic 
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1 40 

0 28 

1 40 

041 

2 80 

0 69 

1 00 

0 69 

Rt — \ icoroil-' 
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III |6VTkt 

895 

3 57 i 

0 30 

1 83 

0 15 

5 40 

0 45 

1 95 
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0 48 

j 

1 83 

0 27 

5 40 

! 0 74 
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1 95 

1 78 

I T 
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2 34 

1 

0 21 

3 36 

0 57 

5 70 

0 78 

0 70 

0 37 
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1 73 
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3 44 ! 
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TABLE 1 (con^tflKCd) 


Dog 

num 

1 1 
Albumin i 

1 

Globulin 

Total 

protein 

Albumin 
Globulin , 

Remarks* 

ber 

1 Serum 

1 Lj mph 

Serum ^ 

Li mph 

Serum 

Lj mph 

Serum ' 

Li mpS 


69 

srams 
per 
100 cc 

3 50 

grams 
Per 
100 cc 

0 68 

grams 
Per 
100 ec 

2 27 

grams | 
per 

100 cc 1 

0 58 

grams 
per 
100 cc 

5 77 

grams 
per 
100 ec 

1 26 

1 

1 54 ' 

117 ! 

E — After recovery dog 

1 

1 

840 

1 

1 

3 08 

1 

0 97 

199 

0 52 

5 07 

I 49 

I 55 

1 

1 86 

walking 

Loc — Rl — Massage 


3 08 

0 96 

1 99 

0 45 ! 

5 07 

I 41 

1 55 

2 13 

Rl— Wallv.ng 


; 3 08 

1 16 

1 1 99 

,0 49 

5 07 

1 65 

1 1 55 

2 37 

Rl — Running 


3 08 

0 86 

1 99 

0 41 ^ 

5 07 

127 

1 55 

2 10 

Rl — Walking after 

91 1 

3 75 

1 15 ' 

2 63 ' 

0 74 

6 38 

1 89 

1 

1 43 

1 55 

rest period 

Loc — La — Mixture 

1 

841 

3 82 

0 87 

3 01 

0 68 

6 83 

1 

1 55 

1 27 

1 28 

walking and 
running 

1 Nem — Ra 


3 82 

1 14 

3 01 

091 

6 83 

2 05 

1 27 ' 

1 25 

La 


3 82 

1 35 

3 01 

0 82 

6 83 

1 

2 iTl 

1 27 

1 22 

Rl and LI 

842 

3 54 

1 73 

3 86 

1 50 

7 40 

3 23 

0 92 ' 

1 15 

1 Nem — La — Veins con 

9S0 

1 

2 49 1 

0 85 ' 

1 

5 40 

2 60 

1 

7 89 

3 45 

i 

0 46 ' 

0 33 

stricted 

1 Nem — La 


’Abbreviations as follows iV<?m = nembutal anesthesia £= ether incs 
thesia Xoc = local novocaine anesthesia La~ left fore leg Ra^ nght fore 
leg LI = left hind leg Rl = nght hind leg 


m t\hich the total protein concentration v\as less than 0 5 gram per cent 
and It is evident that small analytical errors in the analysis of such 
specimens produce wide variations in the A/G ratios Moreover the 
ratios Will increase in accuracy as the protein content of the specimen 
rises ^ This factor of the accuracy of measurement has been gi\ en 
consideration in Chart 1 Collectively considered there were 10 in 
stances m which the serum ratio was greater than the lymph ratio and 
15 examples of the reverse relationship The average albumin globulin 
ratio of all the Ivmph specimens analvzed was 1 41 ± 0 09 and the 


^ An example will render the magnitude of the possible analytical error 
more clear Duplicate analyses of a lymph specimen show for total protein 

0 38 and 0 42 gram per cent and for albumin 0 18 and 0 22 gram per cent 
The A/G ratio calculated from the average of the duplicate measurements is 

1 00 and y ct the indiv idual measurements can be combined to giv e ratios w hich 
varv from 0 75 to 138 An analvtical variation of the 'Jame magnitude 
occurring in serum with a protein content of 6 00 grams per cent produces a 
ratio fluctuation between 0 98 and I 02 onh 

Probable error of the mean 
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A/G RATIO OF SERUM 

Fu. 1 Relationship BnT\\ CEN THE \Lia MIN Gi oiu i in liAiios oi Hiood 

SEM M \ND LaMPII I KOM THE LaTKEMITIIS IN I JOI S 
The diajional line follows tiic course of identit\ in tlic nlio'- ami to 

emphasize the dncrecnce of indnidiial dcterniiiiations from tlii^ uhnliiA 

corresponding aaerage for the serums was 1 26 ± 005 " \ statistiial 

calculation bN the product-moment formula gnts for the rtspirtiM 
ratios a coefficient of correlation of 0 81 witli a probabk error of 0 05 
The correlation is sufficientK high to demonstrate a definite relationship 
between the albumin globulin ratios of hmph and serum 

DISCLSSION 

An e\amination of pertinent literature, tabulated eNhaiistntK In 
Drinker and Field (3), discloses a great number of obst nations of tin 
total protein content of ]\ mph w hile at the same time re\ eahng a pain it\ 
of information concerning the protein fractions which inter into it-^ 
composition In 1891 Munk and Rosenstein (4) reported two analv-i-i 
of hmph obtained from the leg of an 18-\ ear-old girl who v a- affiu od 
with progressne elephantiasis and who presenteri a pirinanent hmph 
fistula o\er the upper portion of her calf Both anal\ -i - rt \e ih-<l i toi.i/ 
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protein concentration of 3 S grams per cent, in one the albumin globulin 
ratio was 4 and in the other 2 4 Simultaneous analyses of the serum 
proteins were not made In 1906 Morawitz (5), m attempting to obtain 
information concerning the ongin of the plasma proteins, made two 
e\penments on dogs in which the protems of plasma were compared 
with those of thoracic duct lymph In the first expenment tlie blood 
serum showed an albumin globulin ratio of 1 25 and the lymph serum 
a ratio of 1 56, in the second experiment the ratio for blood plasma was 
1 44 and for lymph plasma 1 58 Although in both instances the lymph 
ratios were slightly higher than the blood ratios, the author did not 
regard the differences as significant Finally in 1932 Wells (6) reported 
nine expenments m which the albumin globulin ratios of serum were 
compared with those of lymph obtained from the mesentenc lacteals 
of dogs The measurements revealed an average albumin globulin ratio 
for serum of 1 18, an average ratio for lymph of 1 39, and agreed 
satisfactorily with direct estimations of the colloidal osmotic pressure 
The analyses reported here are the first in which the protein fractions of 
serum have been compared with those of lymph from vessels which 
drain the subcutaneous tissues Measurements of the colloidal osmotic 
pressure of serum and cervical lymph have, however, been reported by 
LoSwen, Field and Drinker (7) The osmotic pressures per gram oi 
lymph protein vaned from 55 to 103 mm of water and in each instance 
were considerably higher than the corresponding pressures for serum 
protein The excess pressure of lymph was thought to be an expression 
of greater permeability of the blood capillanes for serum albumin An 
approximate calculation made by us on the basis of Govaerts’ factors (8) 
indicates that several of the recorded pressures for cervical lymph are so 
high that they could not be accounted for even if all of the lymph protein 
were in the form of albumin To explain them one would have to sup 
pose either that lymph protein did not arise from serum protein or that 
the blood capillanes exhibit selective permeability for the smaller mole- 
cules of the albumin complex A selective permeability of this nature 
IS not in agreement with the analyses reported here 

The data reported in this paper show definitely that the albu 
min globulin ratios of serum and lymph are mutually dependent vanables 
and are thus in accord with the view of Dnnker and Field (3, 9) that 
lymph protein is denved from blood protein The correlation between 
the two vanables is sufficiently high to indicate that the serum ratio is 
at least a major factor in establishing the lymph ratio It does not 
exclude the possibility that minor factors, among them a slight degree 
of selective permeability on the part of the blood capillanes, may prevent 
identity in the proportions of proteins in the tivo fluids Several of the 
grouped analyses obtained in single expenments in this study (particu- 
larly with dogs 58 and 840) strongly surest the modifying influence of 
49 
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inquiry concerning the distribution of the capillary’ filtrate \\c ha\e 
already suggested that a large proportion of capillary tufts ma\ bo 
impermeable to protein These tufts Mill yield a prolcin-froc ultra- 
filtrate, the % olume of which wall depend upon the balance of pressures 
operating across their walls, namelj, the colloidal osmotic prc'^sure rn 
serum together w’lth capillary blood pressure on the inside of each 
tuft and mechanical tension in the intercellular spaces on the outside 
The latter tension may be suspected of vaiyung under conditions w Inch 
affect the mobility of fluid in adjacent lymphatics, being decreased w hen 
the pumping action of the lymphatic vahes is stimulated by exercise 
or massage and increased when the valves are at rest The factors 
controlling the volume of a filtrate are, therefore, multiple and it is 
easy to conceive of circumstances, some pathologic and others ptirclv 
physiologic, under w'hich it wall increase greatly or practically vanish 
For present purposes it is important to hold in mind that this group of 
capillary tufts will be surrounded by an interstitial fluid which is essen- 
tially protein free and that some of this fluid, at times much and at times 
little, xvill find its w’ay into radicles of the lymphatic system Across the 
w’alls of other capillaries, those for example w hich permit the passage of 
protein, the course of events wall be considerably modified These x csscls 
w’lll yield interstitial fluid rich m protein w'hich will act to diminish the 
effective osmotic pressure of the intracapillaiy' colloids and therefore to 
increase the volume of filtrate This filtrate will likewise find its way 
into adjacent radicles of the lymphatic system To w’hat extent diffusion 
through neighbonng intercellular spaces wall occur is a matter of pure 
conjecture but it may be supposed that so long as the lymphatics offer 
the path of least resistance the major portion of filtrate will move by this 
route Among a large group of lymphatic capillaries we may therefore 
imagine that many are carrying a centripetal stream of lymph of ex- 
tremely low’ protein content and that a few' are transporting fluid the 
protein concentration of w’hich approaches that of the serum The rate 
of lymph flow’ from the various radicles xmII, moreover, be more rapid 
m those which contain fluid of high protein concentration Lymph, 
however, collected from any of the larger lymphatic trunks will represent 
a mixture of the streams coming from different radicles Its composition 
maj be expected to var>’ considerably as regards total protein content 
but the proportions of the se\ era! protein fractions should remain roughly 
the same as those m the serum of the same animal An exceptional blood 
capillar}’ which exhibited selectiie permeability for albumin molecules 
could produce a minute flow of this protein fraction into the general 
stream and so raise the A/G ratio slightly above that in the blood The 
theoi}’ then is consistent with the e.^penmenta! observations being re- 
ported It cannot, howex’er, be reconaled with the readings of colloidal 
osmotic pressure of Loew en. Field, and Drinker (7) w hich indicate marl ed 
divergence between the A/G ratios of serum and Ijmph 
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It will have been observed that the first theory, as outlined pre 
viously, can be identified in essential respects with the second if one sup- 
poses each individual blood capillary loop to possess pores the sizes of 
which cover the whole range of permeability which is assumed in the 
second theory for many capillaries The distinction, however, is of 
fundamental importance for in the former instance one must imagine 
an interstitial fluid everywhere identical m composition ivith lymph 
and in the latter it can be thought that one very important function of 
the lymphatic system is to prevent interstitial fluid from attaining the 
relatively high protein concentrations of lymph It is for this reason, 
chiefly, that the two theones have been outlined Although either is 
consistent with the results reported, it seems desirable to insist that the 
available experimental evidence does not yet justify the conclusion that 
lymph as it is collected from a large lymphatic trunk is identical m 
chemical composition with interstitial fluid in the major portion of the 
region drained by the trunk 

SUMilARY 

1 Expenments are reported in which the albumin and globulin con- 
centrations in the serum of the blood are compared with those in lymph 
obtained from lymphatics of the legs of dogs 

2 In 25 parallel estimations of lymph and serum albumin and 
globulin the respective A/G ratios showed a correlation coefficient of 

0 81 with a probable error of 0 05 The correlation is suffiaently high 
to demonstrate a definite relationship betiveen the ratios of lymph and 
serum 

3 Two theones to account for the entrance of serum proteins into 
the lymphatics are discussed The first supposes general permeability 
of the entire capillary network of the blood for protein and leads to the 
conclusion that interstitial fluid is everywhere identical in composition 
jvith the lymph which drams the area The second assumes that occa- 
sional capillanes only permit the passage of protein, that this protein 
enters adjacent lymphatics at once, and that it never becomes dissemi 
nated throughout the intercellular spaces The available evidence, in- 
cluding the findings in this investigation, although consistent with either 
theory, does not justify the conclusion that interstitial fluid and lymph 
are identical 

The authors rush to express their thanks to Dr Ceal K Dnnker and 
Dr Madeleine E Field for their kindness in demonstrating the technique 
of cannulating lymphatics 
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PERMEABILITY OF CAPILLARIES TO PLASMA LIPOIDS 

By EVELYN B MAN and JOHN P PETERS 
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New Haven) 

(Received for publication June 19, 1933) 

It has been rather generally assumed, chiefly because normal unne is 
practically free from hpoids (9, 10, 11) that the capillaries are impermeable 
to plasma hpoids However, no serious attempts seem to have been 
made to test this assumption, in spite of its important bearing on the 
question of plasma colloid osmotic pressure In order to determine 
whether hpoids diffuse through the capillaries without simultaneous 
rmgration of proteins, tivo types of experiments have been conducted 
1 Serum hpoids of normal individuals have been measured before and 
after the volume of the blood has been decreased, by a procedure which 
has been employed by Thompson, Thompson and Dailey (2S), Krogh, 
Landis and Turner (13) and Ni and Rehberg (19) They demonstrated 
that if a normal person stands absolutely still for about half an hour the 
blood volume decreases and the serum proteins increase by about 10 
per cent because there is transudation into the tissues of the Ioi\ er extremi- 
ties of a protein free ultrafiltrate of blood plasma 2 Besides, body 
flmds have been analyzed for hpoids and proteins 

METHODS AND MATERIALS 

The blood serum of five normal persons was analyzed for proteins, 
total fatty acids, lipoid phosphorus and cholesterol after they had 
reclined for half an hour and again after they had stood still for half an 
hour All the experiments except one were performed before breakfast 
Blood was drawn from the antecubital vein with a minimum of stasis 
under oil In all cases except that of P L the second blood sample was 
taken while the subject was standing In the second group of experi- 
ments, the protein and hpoid contents of asatic, pencardial and pleural 
flmds were measured Blood and fluids were collected simultaneously, 
in most instances before breakfast All fluids were centnfuged to remove 
cells and fibrin clot from the aqueous suspension Proteins were deter- 
mined by Howe’s modification of the Kjeldahl method (S), total fatty 
acids by the Man and Gildea (16) modification of the Stoddard and 
Drury technique, cholesterol by a gravimetric digitonin method (17), 
lipoid phosphorus by a modification of the Fiske and Subbarow method 
(17) 
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results of staxdixg experiments 
In Table I under each constituent the paired fii;ures in the 


table I 

Standing expertmerts 


Subject 

Date 


Lipotd P 

Fattj acid* 
Iron titer 

Cholesterol 

Protein* 

PL 

January 11, 1933 

Before 

After 

mgm 

PfT 

cent 

84 

98 

change 

percent 

116 5 

n 

12 2 
14 3 

change 
Per cen 

116 5 

1 

I chante 
per cen 

118 1 

gren 

Per 

cent 

6 30 

7 47 

^ change 
ptr (eri 

1168 

JH 

January 23, 1933 

Before 

After 

90 

96 

107 2 

11 6 
13 1 

113 2 

205 

226 

1103 

7 05 
7 84 

111 2 

EM 

January 3, 1933 


89 
10 0 

1126 

11 7 
13 2 

1135 

223 

246 

110 2 

691 
7 83 

1128 


February 17, 1933' 

Before 

After 

99 
10 8 

108 6 

126 
14 0 

111 3 

209 

231 

1105 

7 00 
7 91 

1130 

CR 

January 28, 1933 

Before 

After 

10 4 
10 7 

102 1 

162 

160 

98 8 

229 

260 

1135 

6 33 

6 99 

1105 

CR 

February 28, 1933 

Before 

After 


105 5 

122 
13 5 

110 7 



631 

7 10 

1126 

TK 

February 1, 1933 

Before 

After 

84 

96 

114 1 

99 

11 7 

1186 

168 

183 

109 0 

6 52 

7 27 

1114 


* Second blood taken four and one quarter hours after a breakfast which 
contained approMmately 19 grams of fat 


columns represent the values observed before and after standing, the 
single figures m the second columns the degree to which the given sub- 
stance m the serum was concentrated The significance of “fatty acids 
from titer” is discussed more fully in the article describing the Man and 
Gildea modification of the Stoddard and Drury method (16) They 
found that saponification with potassium h>droMde as in the blood 
serum method, yielded only 82 per cent of the theoretical fatty acids 
from reprecipitated Pfanstiehl “pure” leathin Consequently, in order 
to calculate “total fatty aads,” there was added to the "fatty acids 
from titer" 18 pier cent of the phosphohpoid fatty acid estimated on 
the assumption that two equnalent weights of fatty aad unite with one 
combining weight of phosphorus in lecithin and cephalin Non-phos- 
phohpoid fatty aads may be calculated by subtracting from the “total 
fatty aads" the phospholipioid fatty aads estimated from the serum 
Iipoid phosphorus content Values for "fatty aads from liter' have 
been presented here rather than those for non-phosphohpoid fatty aads 
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because it is recognized that these calculations may introduce a consider- 
able error if the analytical errors of the two methods are cumulative, and 
because neither the exact chemical composition of phosphatides, nor the 
proportions of different phosphatides present in serum are known 

Cholesterol, ivithout any exceptions, increased on standing in the 
same proportion as did the serum proteins, an indication that it is not 
diffusible Fatty acids and hpoid phosphorus in S of the 7 expenments 
(P L , J H , E M , January 1 and February 17, and C R , February 28) 
increased in the same proportions as the proteins On the other hand, 
m the serum of T K these constituents increased more than the proteins, 
and in the serum of C R on January 28 they did not change These 
divergent responses may be explained by the assumption that the 
metabolism of fat of these subjects was not in a state of eqmlibnum 
The change in T K 's blood sugar, from 76 mgm per cent to 85 after 
standing, suggests that the metabolism of carbohydrate was not uniform 
throughout the expenment In contrast to the normal serum fatty 
aads in the first blood samples of P L , J H , and E M , the fatty aads 
both of C R on January 28 and of T K were at the extremes of the 
normal range of serum hpoids C R ’s total fatty aads on January 28 
were the highest of 20 normal subjects and were appreciably greater 
than they were on February 28 After standing, his fatty acids and 
phospholipoids did not increase T K 's serum fatty aads, on the other 
hand, which were among the lowest of the normal values, increased 
proportionately more than his proteins From these data it may be 
inferred, though it is not proven, that C R on January 28 was utilizing 
fat derived from his blood stream, while T K was mobilizing fat into his 
blood stream An attempt was made to test this hypothesis by carrying 
out a similar standing expenment on a subject after a meal containing fat 
However, the results of the expenment on E M on February 17 did 
not differ from those secured m the postabsorptive state, owing, perhaps, 
to the fact that too little fat was given 

In these expenments, then, cholesterol without exception, phospha 
tides and compounds of fatty acids in five of seven instances, behaved 
like non diffusible serum proteins 

Comparisons of transudates and serum 
Data concerning the hpoid content of transudates are presented 
graphically in the three figures In Figure 1 the protein contents of 
asatic, pencardial and pleural fluids are plotted on the ordinate, cho 
lesterol content on the absassa The column above each point, at the 
top of the figure represents the concentration of cholesterol in the blood 
serum The scale for serum cholesterol is 1/2S of that for transudate 
cholesterol Irregular variations in the lengths of the columns show 
that the amounts of cholesterol in the fimd bear no direct relation to the 
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PERMEABILITY OF CVPILLARIES 



Fig 1 CoMPARisoA of Cholesterol aad Protein in Transudates 
The Nortical lines abo\c indicate the concentrations of cholesterol in the 
sera of the patients from whom the transudates were secured 



Fig 2 Comparison- of Fatta Acid and Ppotein in Tpa'sudates 
The \erUcal lines above indicate the concentrations of fatt> acids in the 
sera of the patients from whom the transudates vere secured The points 
surrounded b\ circles are from pauents whose sera contained little protfin in 
proportion to fattv aads 
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concentrations of cholesterol in the serum There is an obvious tendency 
for vanations of protein and cholesterol contents of fluids to parallel 
one another 

The arrangement of Figure 2 is similar to that of Figure 1, except that 
fatty acids from titer are plotted on the abscissa As vas the case with 
cholesterol, no correlation is evident between the concentrations of 
fatty acids in sera and transudates A definite proportion exists between 
the protein and hpoid contents of the fluids except m those instances 
which are marked by circles 

If the normal capillary wall is impermeable to lipoids and protein, 
injury, which increases its permeability, will permit the passage of both 
hpoids and proteins The quantities of these substances which actually 
escape from the vessels will depend not only upon the degree of perme- 
ability to the individual components, but also upon the concentrations 
of these components in the serum It has already been pointed out that 
the influence of the latter factor is not demonstrable in the data as a 
whole It does, however, become evident in the points surrounded by 
circles, which represent instances when the protein in the serum was 
low m proportion to the hpoids It is especially striking in the lowest 
of these points In this instance the serum proteins were reduced to 
half the normal concentration, while the fatty acids were increased to 
about nine times the normal Under these arcumstances the hpoid 
concentration in the fluid might be expected to be, as it proved to be, 
higher in relation to the protein concentration than it was in the other 
observations in which the proportions of hpoid and protein in the serum 
were more nearly normal 

In Figure 3, in which hpoid phosphorus and protein are compared, 
there is the same lack of correlation between the concentrations of the 
former in serum and fluid and the same direct relationship between 
transudate phosphatides and proteins, with one exception marked with 
a cross The significance of this exception must be discounted because 
the peritoneal fluid, taken at autopsy from a patient with pentonitis, 
was semi purulent Some of the hpoid phosphorus may, therefore, have 
come from pus cells and bactena 

DISCUSSION 

It is obvious that the distnbution of hpoids to the tissues by the 
blood stream must involve their passage through the capillary walls, 
in spite of the demonstrated impermeability of the latter These expen- 
ments throw no light on the means by which this transportation is 
effected, whether the character of the hpoids is altered (3, 4, 22, 23, 24), 
or whether the impermeability of the capillaries is merely a facultative 
charactenstic In most of the standing expenments, dunng the half 
hour penod, an equilibnum appears to have been reached and main 
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rERME\i3iLm or c.\riLL.vRrF^ 



Fig 3 Comparison of Lipoid Pdospiiorus and Protcin in Tkansudatps 

The %ertical lines above indicate the concentrations of fatty acids in the 
sera of the patients from whom the transudates were secured The point 
marked b> a cross represents peritoneal fluid secured postn'orlem from a patient 
with peritonitis 

tamed, m which the concentration of all lipoids, like that of proteins, 
was influenced only b> the hemoconccntration that resulted from the 
loss of serum ultrafiltrate to the tissues In two cases fatty acids and 
phosphohpoids seem to have been simultaneously affected by some other 
influence, presumably connected with the metabolism of fat That 
cholesterol was not similarly involved is only one more addition to the 
great body of evidence that this lipoid fraction is not directly conctmtd 
with fat metabolism The problem of the exchange of lipoids between 
blood stream and tissue cells becomes even more mysterious when, from 
the studies of transudates, it becomes apparent how little lipoid material 
(8, 14) gams access through normally permeable vessels to the interstitial 
fluids, which presumably serve as the medium of exchange l>c tween 
blood and cells 

The association between lipoids and proteins (2, 12, 15, 18, 20, 21, 20) 
m both types of experiment might suggest that the lipoids are restrainerJ 
bv combination with proteins Such a deduction is not, ho"ever, 
obligatory Such combinations may exist and the proteins may act as 
vehiclc-s fo" a certain amount of hpoid matenal In the case already 
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referred to in, which protein was reduced and hpoid greatly increased in 
the serum, a greater amount of hpoid might have been expected in the 
transudates if it had been restrained from traversing the walls of the 
vessels only by its combination with protein 

The exact correlation between the changes of cholesterol and protein 
in these expenments has a beanng on the nature of the interstitial fluids 
Thompson, Thompson and Dailey (25), companng the volume of the 
blood, determined by the dye method, with the concentration of proteins 
in the serum, concluded that the fluid which passed from the blood stream 
into the tissues of the leg contained no protein Waterfield (27), in 
similar expenments, in which he measured the blood volume by the 
carbon monoxide instead of the dye method, believed that he detected 
evidence of serum protein loss probably involving only the albumin 
fraction More recently Youmans, Wells, Donley and Miller (30) have 
shown that the protein fractions and total proteins of the serum are all 
proportionately affected by the hemoconcentration To these cholesterol 
can now be added It is hardly conceivable that if the capillary mem 
branes, under the conditions of these expenments, were permeable enough 
to permit appreciable quantities of protein to pass out, both fractions 
and cholesterol would all escape in exactly the same proportions Cer- 
tainly such an association is entirely incompatible with Waterfield’s 
conclusions Krogh, Landis and Turner (13) also found no evidence of 
loss of serum protein when transudation was induced in the arm by 
venous obstruction It becomes harder in the light of these expenments 
to believe that capillary filtrates produced by venous stasis can contain 
as much protein as Dnnker and Field (6) believe 

If the capillary walls are impermeable to lipoids, the latter may exert 
an appreciable colloid osmotic pressure in the blood stream and, on this 
account, have some influence upon the exchange of flmds in the body 
Indirect evidence of vanous kinds indicates that the osmotic pressure of 
the lipoids is extremely small (1, 7 28), but more exact data on the 
subject are greatly to be desired 


CONCLUSIONS 

By standing expenments aimed to produce physiological transudation 
of fluid from the blood stream, and by compansons of proteins and 
lipoids in serum and in pathological transudates, evidence has been 
adduced which indicates that the capillary walls are ordinarily imper 
meable not only to proteins but also to cholesterol, phosphatides, and 
compounds of saturated and slightly unsaturated fatty acids 
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Several investigators (1, 2, 3, 4) have called attention to the increased 
sedimentation rate of the red blood cells in patients ivith rheumatoid 
arthnbs In order to ascertain the practical importance of this phe- 
nomenon, an extensive study was undertaken which continued for three 
years Dunng this penod, routine sedimentation tests were earned out 
on all patients with rheumatoid arthntis on admission to the arthntis 
department of the Cornell Clinic When possible, the test was repeated 
at varying intervals as long as a patient was under observation 

Altogether S97 cases Mere included m this study, and the purpose of 
the following paper is to present an analysis of our findings 

TECHNIC 

The technic of the sedimentation test was similar m all respects to 
that of Rourke and Emstene (5) and need not be desenbed here The 
method of these investigators is particularly applicable m rheumatoid 
arthntis because of its correction for anemia which is a common though 
vanable factor m this disease Hepann was used as an anticoagulant 
throughout the study and appeared to have no appreciable effect on the 
sedimentation rate The test was recorded as the corrected sedimenta 
tion index (C S I ) and represents the rate of fall of the erythrocytes in 
millimeters per minute, after correcting for anemia Any result up to 
0 4 was considered normal Unless otherwise stated, all sedimentation 
results reported refer to those at the time of the patient’s first visit to 
the Clinic 

Relation of the corrected sedimentation index to the activity of the disease 

In this report, the term “ activity of the disease” refers to the seventy 
of the infectious process It must be recognized that this activity does 
not always parallel the degree of joint involvement as illustrated by 
“burned out” cases of arthntis in which swelling and deformity of the 
joints are present but the disease process is entirely quiescent 

' This study was earned on with the technical assistance of Edith L Ross 
Edna H Lindsay, Edith M Kirkpatrick and Elnora B Carmichael 
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SEDIMFNTATION TE5T 


In patients with rheumatoid arthritis, the actuiU , or sc\ent\. of the 
disease is often difficult to determine dinicalH It is roucrhiv cstimatcrf 
from the amount of pain and tenderness in the joints, from the character 
rather than the degree of the swelhnc:, and from the tondcnc\ of the 
process to migrate from joint to joint Howe\er, temperamental factors, 
which aarj considerably in different patients and at different times in 
the same induidual, frequently gi\c rise to an entirely erroneous impres- 
sion concerning the activity of the disease Weather and occupational 
conditions, likewise, play more or less important roles m confusing the 
clinical picture In order to determine whether the difficulties caused 
by these a anants could be eliminated by use of the sedimentation test, 
the results of this method when applied to a selected group of intelligent, 
mentally stable, and cooperatuc patients were analyzed The following 
protocols illustrate our findings 

Case 1 H W’ , female, aged 45, admitted to the clinic March 16, 192S, 
ga\e a history of polyarthritis of si\ years duration At the time of admission, 
pain and stiffness of the joints were slight, and the patient was pursuing her 
usual occupation as a Upist Physical examination re\calcd nothing of im- 
portance except in the joints — there was a slight but definite fusiform swelling 
of the fingers, wath a low degree of swelling of the left knee and both ankles 
A diagnosis of mild rheumatoid arthritis was made During the succeeding 
three years, this patient was under our obscr\ation and throughout this period 
there was remarkably little change in her symptoms and physical condition 
The following results of the corrected sedimentation tests, taken o%cr part of 
that time, closely paralleled the clinical impression Januarx 1, 1931, 0 6, 
Apni 29, 1931, 0 55, September 25, 1931, 0 7, October 16, 1931, 0 6, rebruary 
29, 1932, 0 6 

Case 2 J Me , male, aged 20, admitted to the clinic on January 16, 1931, 
gaxe a historx of poU arthritis of two years duration and complained of con- 
siderable pain at the time of admission Physical findings were unimportant 
except for the joint condition — the left hand and right knee wore considerably 
swollen and slighth tender During the 15-month period that the patitnt v as 
under obserxation, the feet, heels, shoulders, elbows, and right hand gradually' 
became inxohed He consistently complained of much pain, and tenderness 
was frequently noted \ diagnosis of rheumatoid arthritis was made It was 
considered a xerx actue and rapidly progressing case, without any rcmi'^sion 
during the penod of observation With this patient, the sedimentation rates 
closelv paralleled the clinical impression, being high each time the test v as 
made The results of these tests were as follows January 16, 1931, 1 7, May 
I, 1931, 1 2. October 30, 1931, 1 6, November 25, 1931, 1 3, and March 16, 
1932, 0 75 

Cc'^eS N DeV , male, aged 46, V as admitted to the clinic \ugust 22, 1930, 
with a historv of a rapidlv p'^ogressing polv arthritis of nine months duration 
Phv=ical examination revealed the typical fusiform swelling of the fingers, 

•jv ollcn knees and anlles, and stiffness of shoulders and hips Several of the 
joints wee tender The remainder of the examination was irrelevant, e^'cept 
fo' the presence of a duodenal ulcer that caused no sy mptoms vv hile the patient 
was unde ob'e’'vation He shoved ro imp-ov ement while attending the 
clinic, and was admitted to the hospital January 2, 1931 v co'^rccted ‘'-di- 



WENDELL J STAINSBY AND EDITH E NICHOLLS 


1043 


mentation test, earned out on December 29, 1930, a few days before admission, 
was 1 23 With rest in bed the patient made rapid progress toward recovery, 
and was discharged from the hospital on February 28 1931, as a cured case 
At that time he was entirely free from symptoms There was, however, a 
small amount of swelling still remaimng in the fingers and wrists, but this was 
considered as due to the scarring resulting from the disease, rather than as 
representing an active process The corrected sedimentation tests during his 
stay in the hospital closely paralleled his clinical improvement, being 1 2 on 
January 2 1931 0 7 on February 7, 1931 and 0 4 on February 25, 1931— the 
figure recognized as normal in a corrected sedimentabon test Following his 
discharge from the hospital, the patient returned to work On resuming his 
occupation, there was a marked return of the arthritic process On May 19, 
1931, his clinical condition appro\imated that on admission to the hospital 
four months previously, and his corrected sedimentation test was 1 6 During 
the succeeding year this case was followed in the out patient department, but 
there was no appreoable change noted On April 29, 1932, when last seen, 
his arthritis was unimproved and his corrected sedimentation test was 1 9 
Cast 4 MO, female, aged 40, was adimtted to the clinic March 14, 1930, 
with a three year history of pain and intermittent swelling in fingers and ankles 
Symptoms had never been severe, and she had been able to continue her house 
hold activities Physical findings were unimportant except in respect to the 
joints There was questionable swelling of the proximal interphalangeal joints 
and slight puffiness around the ankles A diagnosis of mild rheumatoid 
arthritis was made During the succeeding year she was obsen ed in the clinic 
at irregular intervals, with little if any evidence of arthritis On February 3, 
1931, the date of her first test the corrected sedimentation index was 0 2 
Beginning in March 1931, her arthritis gradually grew worse, and the 
fingers took on a marked fusiform swelling In sucjiession the knees, wrists, 
elbows, and shoulders became swollen and painful There were aching pains 
in practically every joint in the body The sedimentation test coinaded 
perfectly with the change in her clinical condition, the index being 0 9 on April 
IS, 1931 and 1 3 on April 23, 1931 On May 11 1931 she again attended the 
clinic At that time she was barely able to walk and her sedimentation index 
was 13 On May 23 of the same year, she made her last visit to the clinic and 
her index at that time was 1 1 Folloiving this observation, she reported by 
telephone that she was unable to leave her bed 

Case S J M male, aged 24 admitted to the clinic on December 20, 1930, 
gave a history of a rapidly progressing polyarthritis of ten weeks duration 
Physical examination showed little of importance except for the joint condition 
There was fusiform swelling of several fingers, with swollen and tender knees 
and ankles A diagnosis of rheumatoid arthritis was made and the condition 
was so severe that the patient was admitted immediately to the hospital The 
sedimentation index on December 20, 1930, was 2 0 On the day of admission, 
the patient s temperature was 99 5° F , and was normal thereafter With 
rest in bed and hospital eare the arthritis rapidly improved from the day of 
admission On February 13, 1931, the swelling had completely disappeared, 
and on February 2S, twelve days later, the patient was discharged as free from 
signs and symptoms of the disease The clinical change was correctly and 
immediately registered in his sedimentation tests On December 29, 1930, the 
index was 0 65 January 13, 1931, it was 0 4 on February 7 and 25 of the same 
year it was 0 1 and 0 2, respectively 



1044 


SEDI^rE^*TATIO^ TEST 


The first protocol is that of a patient running a mtW course of arihnti'; 
throughout obser\ ation Her sedimentation indices recorded at \ ar\ mg 
interAais during this time were remarkablj consistent witii the clinical 
findings, lieing slightK above normal each time the test was made \ 
similar relation between the sedimentation rate and the clinical findings 
was re\ealed in the second protocol, although the second patient had a 
sea ere process, and his sedimentation indices were consistently high 
Protocols 3, 4, and 5 are of patients whose clinical picture \aricd 
markedly during observation The third patient had a complete remis- 
sion, the fourth dea eloped a sea ere form of the disease from a ver>’ mild 
one, aahile the fifth recoa'ered completely from a ver>' actiae arthritis 
The sedimentation indices in each of these cases correctlj and imme- 
diately registered the changes in the patient’s phasical condition 

In the other patients of our senes the relationship between the 
clinical picture and the sedimentation rate is similar to that in the fiae 
protocols giaen Regardless of the fundamental factors underlying the 
sedimentation phenomenon, it is apparent that the erj'throcytic sedi- 
mentation index parallels closely the sea'enty, or actnity, of the arthritic 
process 

Relation of corrected sedimentation index to the degree of joint nu'olvemenl 
In the preceding section of our report, it was shown that the corrected 
sedimentation index is directly related to the activity , or seventy, of the 
arthntic process In the present section, a comparison of this index 
aaith the degree of joint inaolaement is considered A differentiation 
between the activity, or seaenty, of the disease and the degree of joint 
inaolaement must be made, as it is recognized chnicallj that some 
patients suffering from a sea ere form of the disease haae considerable 
pain, malaise, and eaen disabihtj, aaith little change in the joints that 
may be detected by phjsical examination, whereas a patient may have 
marked swelling of the joints with deformity and ankjlosis without the 
s\ mptoms named aboa e 

In Table 1, the 597 patients studied are tabulated according to degree 
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of joint involvement Three hundred and eight of these had no appre 
aable joint changes at the time of examination, their sedimentation 
indices ranged from 0 1 to 2 0, with an average of 0 64 Two hundred 
and thirty-two of them had joint swelling without ankylosis, or de- 
formities other than swelling their sedimentation indices varied from 
0 1 to 2 1, with an average of 0 85 Fifty seven of them were m the 
more advanced stages of the disease with deformities such as ulnar 
deviation and ankylosis, the sedimentation indices of this group ranged 
from 0 3 to 2 6, with an average of 1 11 

From these results it is evident that, on the average, the greater the 
degree of swelling, deformity, and ankylosis, the higher the sedimentation 
rate, and, therefore, the greater the activity, or severity, of the disease, 
but as far as the individual patient is concerned, this deduction cannot 
always he made 

Rdahon of the corrected sedimentation index to the age of the patient 

In Table 2, the corrected sedimentation indices of the 597 cases are 
arranged according to the age of the patient In this comparison, an 
interesting though unexpected relation was revealed In patients m 
the third and fourth decades of life, a similar average sedimentation 
index was obtained but in those 40 years of age or over the average 
sedimentation rate showed a gradual increase all the way to the last 
group composed of patients 60 years of age or older 


TIBLE 2 

RelaUon oj corrected sedimentation index to age of patient 


Afie oI patient 

Number of 

Average 

cases 

csi 

Under 30 years 

69 

0 69 

From 30 to 39 years 

122 

0 68 

From 40 to 49 years 

181 

0 73 

From 50 to 59 years 

170 

083 

60 years or over 

55 

0 96 

Total 

597 



The explanation of this gradual increase m the sedimentation rate 
with advancing years is not altogether clear In the first place, it would 
seem probable that as patients grow older they tend to develop disease 
conditions other than arthritis which also affect the sedimentation rate 
Our records indicate, however, that this factor plays no important r&le 
m the phenomenon, as no appreciable increase m disease unrelated to 
arthritis was detected m the older groups of our senes In the second 
place, it was observed that each succeeding decade is augmented by an 
increasing proportion of patients with severe arthntis who failed to 
recover from the disease earlier in life, as evidenced by an increase of 
the average disease duration with eadi succeeding age penod It seems 
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reasonable to conclude, therefore, that tlic increase in the a\crnt:c ‘Sedi- 
mentation rate \\ith each succeeding age period is duo pnmanK to the 
increase in the number of patients with Eo\ere arthritis, although other 
factors may plaj minor roles in the results 

Relation of corrected sedimentation index to sca<;on of year 
Clinically it is generally recognized that m temperate climates patients 
with rheumatoid arthritis are usualK at their worst in cold weather and 
at their best in hot weather In order to determine whether this imjires- 
sion is confirmed by the sedimentation test, the indices of patients fol- 
low ed through the various seasons w’ore analyzed All patients on w hoin 
tests had been made in at least three seasons w ere included With those 
having more than one test during any one seasonal period, the a\crage 
was considered as that patient's index for that season In the study, 
"Winter" covers the period from January 1 to May 31, "Spring" from 
April 1 to June 30, "Summer" from July 1 to September 30, and 
“Autumn” from October 1 to December 31 

TABLE 3 


Relation of corrected sedtn entation index to season of ^ear 


S«i«on of jear 

Number of 
Indices 

A\ ence 
CSl 

Winter 

58 

0 865 

Spring 

62 

0 840 

Summer 

38 

0 799 

Autumn 

55 

0 846 


Altogether 69 patients were studied for seasonal \ariation On these 
69 patients, 58 tests were recorded in the winter, 62, in the spring, 38, 
in the summer, and 55, in the autumn In Table 3, the a\eragc corrected 
sedimentation index for each of these recorded groups is presenterl 
The highest figure occurred in winter, and the lowest, in summer, while 
spnng and autumn gave intermediate results The number of cases 
studied and the differences between the seasonal a\crages were too small 
to warrant definite conclusions Howe\er, it is strongly suggestnc that 
seasonal vanations in the a^erage sedimentation indices do occur, and 
as this test is an index of the actiMtj, or seventy, of the arthritis, that 
patients, on the a% erage, are w orse in the w inter and bettor in the summer 

Relation of the corrected sedin entation index to the duration of t}>e disease 
The records of the patients under obseiwation were studie-d again to 
disco\er whether any relationship existed between the corre-cte-d sedi- 
mentation index and the duration of the disease In the mdiMdual 
records little such relationship vas found — some patients ha\ing had 
the disease for only a few weeks ga\e high sedimentation raie'=, i hilf 
others ha\ang had it for many years ga\e a low •sedimentation rate, and 
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Vice versa In studying the average rates of sedimentation for vanous 
disease duration periods, however, it was found that there was a distinct 
tendency for these rates to increase as the duration of the disease in- 
creased (Table 4) From these results we conclude that patients having 
rheumatoid arthntis for a long period tend to have a more severe form 
of the disease than those having it for a short penod, but that great 
individual variation exists 

TABLE 4 

Relation oj corrected sedtmentatton index to duration of disease 



Number of 

Averace 

Duration of disease 

cases 

ILS.1 

One month or under 

9 

0 70 

Over 1 month to 3 months 

so 

0 71 

Over 3 months to 6 months 

63 

0 70 

Over 6 months to 1 year 

87 

0 77 

Over 1 year to 3 years 

120 

0 76 

Over 3 years to 5 years 

74 

0 79 

Over 5 years 

194 

0 79 


597 



Relation of the corrected sedimentation index to the streptococcus 
agglutination test 

In previous articles (6, 7), the authors showed that a high percentage 
of patients with rheumatoid arthritis gave a strong agglutination reaction 
with a biologically specific type of hemolytic streptococcus which, for 
convenience, they designated as “typical strain ’’ This reaction ap- 
peared to be a true immunological response to a bactenal invader The 
question naturally arises as to what relationship, if any, exists between 
this agglutination reaction and the erythrocytic sedimentation rate 
An examination of the records of the cases in our senes indicated that 
there was none whatever In patients with rheumatoid arthntis, the 
agglutinins are slow in developing and do not reach their maximum titer 
until about 6 months, on an average, has elapsed Following recovery 
of the patients, the agglutinins gradually diminish, but do not disappear, 
usually, until the patient has been free from the disease for several months, 
and sometimes years The sedimentation rate, on the other hand, is 
directly related to the activity, or seventy, of the disease process, and 
changes directly with variations in this activity The difference in 
these two tests may be appreciated readily from a study of Figure 1, 
which is a graphic record of the agglutination and sedimentation tests 
of Case S, previously described, and is typical of other sirmlar records 

DISCUSSION AND SUMILARY 

The erythrocytic sedimentation test was performed on five hundred 
and mnety seven patients with rheumatoid arthritis in order to deter 
mine its significance in this disease 
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Fig 1 A Comparison or the Results of the Sedimentation and 
Agglutination Tests or Case 5 

The results of the investigation indicate that the corrected sedimenta- 
tion index IS a reliable criterion of the activity, or severity, of the arthritic 
process at the time of testing, and that any fundamental change m the 
clinical condition produces immediate corresponding change m the sedi- 
mentation rate 

Patients with a greater degree of joint involvement and a longer 
disease-duration have higher sedimentation rates, on the average, than 
those with less joint involvement and shorter disease-duration Con- 
siderable variation occurs, however, in individual cases 

The observation that the average sedimentation rate progressively 
increases with advancing age periods is of interest This phenomenon 
appears to be due primarily to the increasing accumulation of patients 
with severe arthritis in whom the disease began at some earlier age 
From a study of seasonal variations in the sedimentation rate over 
a long period, suggestive evidence was deduced that, on the average, the 
rate was higher m winter than in summer, while spring and autumn 
occupied intermediate positions Further work is necessary in order to 
confirm this impression 

No relationship was found between the sedimentation rate and the 
streptococcus agglutination reaction 

With the above information at hand, it seems justifiable to discuss 
the practical importance of this test In the past, physicians treating 
arthritis have been greatly handicapped by lack of means for estimating 
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the results of their therapy The sedimentation test appears to supply 
this widely felt need, as it is a reliable measunng rod of the activity, or 
severity, of the arthntic process By repeatmg this test at regular 
intervals, the progress of the patient may be determined 

Rheumatoid arthritis has attracted more than its share of ill conceived 
treatments The sedimentation test provides a ready aid for correctly 
estimating the value of such procedures 
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While the physiological activity of normal or dilute bloods represents 
one of the most widely studied fields of investigation, the problems 
presented by high concentrations of hemoglobin have not received the 
attention they ment As far as the writers have been able to determine 
comparatively httle attention has been paid to the ability of polycythemic 
bloods to take up oxygen under normal conditions Barcroft and Murray 
(1) compared the effect of concentrating blood by centnfugating and 
removing part of the plasma For a given O tension they found a 
higher degree of saturation in the concentrated blood than in normal 
blood which in turn took up more O 2 than did a sample diluted with the 
plasma which had been taken from the concentrated blood This 
vanation was considered secondary to a disturbance in the carbon- 
dioxide equilibrium Richards and Strauss (2) found no difference 
between the dissoaation curve of the blood of a polycythemic pahent 
and that of blood from a normal individual 

The experiments reported in this paper fall into two groups the 
first designed to repeat the tests of the oxygen combining power of 
concentrated blood tn mtro, and the second to observe and compare the 
oxygenation of concentrated blood with that of normal blood in the 
perfused lung where the experimenter has a maximum control over the 
factors associated ivith oxygenation Such a series of experiments 
should offer a concrete and definite answer to the question, does a plethora 
of red cells, per re, influence the respiratory funchon of the blood 

Experiments on the O 2 combining power of concentrated blood 
The technique employed in the handling of the blood and gases m 
these expenments was essentially that described by Austin et al (3) 
The concentrated blood was obtained by centrifugating blood of normal 
dogs and pipetting away most of the supernatant plasma A measured 
amount of this blood, of known oxygen capaaty, was placed in a small 
tonometer bearing at one end a two way stopcock and at the other a 
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tube of fairly large bore The tubular end was connected to a similar 
end of a large tonometer of the same type having a capacity of 250 to 
300 cc Care was taken to see that the blood filled the smaller tonometer 
well into the rubber connection This connection was then clamped and 
the pair of tonometers connected with a manifold whereby one could 
either evacuate the vessel or supply COz-free air, nitrogen, or carbon 
dioxide The tonometer was repeatedly evacuated and washed with 
nitrogen after which sufficient COa-free air was admitted to give the 
desired oxygen tension, following which the COz tension was adjusted 
to 40 millimeters Pressure within the tonometer was then brought to 
atmospheric by the admission of nitrogen With the cocks closed the 
tonometer was removed from the manifold and the clamp between the 
blood and gas chamber taken off, allowing the blood to flow into the 
larger chamber In this manner portions of each sample of blood were 
brought into equilibrium with gas mixtures of five different oxygen 
tensions The tonometers were rotated simultaneously in an air bath 
at 37° C for thirty minutes At the end of the period of equilibration 
the blood was allowed to return to the small chamber and the clamp 
replaced The chambers were then disconnected, and samples taken for 
analysis by forang the blood into a pipette with mercury pressure 
At no time was the blood allowed to come in contact with the room air 
The analyses for oxygen content were made with the Van Slyke and 
Neill constant volume manometnc apparatus, oxygen capacity was 
estimated by means of the spectrophotometer (Ray, Blair and Thomas 
(4)) The final Oz tensions existing in the tonometers were corrected 
for oxygen lost from the blood and for the effect of temperature change 
The results of a characteristic series of experiments are given m 
Figure 1 The open circles represent the results found in the normal 
blood and the black those for the polycythemic blood Both samples 
were from the same original blood in order to avoid any chemical factors 
which might influence the results These data show beyond any doubt 
that the oxygen-combining power of the two bloods is identical, under 
the conditions of the expenments In fact the distnbution of the two 
sets of points coincides quite as Avell as would points secured from two 
samples of the same concentration The variation of any point from 
the mean curve is within the expenmental error of the methods employed 
There is a point of distinction which can not be demonstrated in 
the graph, but was definitely apparent during the course of the experi- 
ment The time required for the concentrated blood to reach an equi- 
librium was markedly longer than that needed for normal blood While 
the normal sample showed its maximal color change in five to ten minutes 
after the start of equilibration the concentrated needed almost double the 
time for the same change This was a natural sequence of the concen- 
tration of the blood since diffusion is inversely proportional to viscosity 
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Fig 1 Dissociation Curve of Normal and Polt cythemic Bloods 
The open ardes represent blood of normal hemoglobin concentration and 
the blach, polycythemic blood 

and also the amount of gas moved was greatly increased The effect of 
both factors will be discussed m detail in a later section 

Experiments ■with the perfused lung 

The preceding expenments give no tangible evidence of a difference 
between the oxygen combining power of the tivo types of blood Obvi- 
ously if a difference does exist it must be sought m other directions 
We turned, therefore, to the perfused lung These experiments were 
planned to determine if a normal or approximately normal oxygenating 
apparatus was capable of working with its usual efficiency when the 
number of cells passing through the tissue per unit of time was increased 
That IS, if the rate of flow of hemoglobin through the lung is doubled 
can the respiratory conditions be so adapted as to produce a normal 
degree of oxygenation? The importance of blood flow through a tissue 
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has often been stressed, but in this case it is, perhaps, preferable that 
attention be directed to the amount of hemoglobin as the essential factor 
In order to study this effect we were forced to use a perfused lung 
Preliminary experiments on intact anesthetized dogs gave uncertain 
results The results reported in this section were made on the isolated 
lungs of cats with the conditions of ventilation, blood flow, etc , made 
to simulate as closely as possible, normal conditions, while allowing full 
control over every variable It was thus possible to study the respiratory 
function without the interference of the generalized compensatory 
mechanisms which were likely to be brought into play in the intact 
animal in response to a sudden massive injection of corpuscular cream 
A diagram of the apparatus used in perfusing the lung is given in 
Figure 2 The lungs (1) and heart were removed as rapidly as possible 
from the anesthetized cat In order to prevent clot formation during 
this process the animal was previously injected with heparin A cannula 
(2) was inserted into the pulmonary artery by way of the right ventricle 
The tracheal cannula (3) was tied in The outflow cannula (4) was 
inserted into the left auricle by way of the ventricle and the whole 
preparation placed in the jar (5) which served as a thorax The metal 
plate (4) was clamped m place on a vaselined rubber ring, making an 
air-tight seal The basic negative pressure was controlled by connecting 
tube (8) to a vacuum and expanding the lungs to approximately their 
normal size This pressure was controlled by a manometer The 
fluctuating negative pressure was produced by a pump (7) having a 
variable stroke and speed A tambour connected at (P) recorded these 
fluctuations of pressure and so, upon calibration, served as a measure of 
the tidal air volume This estimation was checked by a water manometer 
connected at (10) to the tracheal tube The mam branch of the tracheal 
tube went to a pair of mercury valves (11) of the type described by 
Bailey (5), which allowed passage of air with a minimum of resistance 
For ventilating the lung atmospheric air enriched with approximately 
5 per cent carbon dioxide was used, in order to maintain the acid-base 
relationships of the blood This was stored in a 100 liter spirometer 
connected at (12) from which it was drawn into a smaller graduated 
spirometer (13) for use The composition of the stored gas was checked 
from time to time to detect changes in O 2 and CO 2 content 

•The blood used in these experiments was citrated ox blood It is 
unfortunate that blood of another species had to be used, but the diffi- 
culties associated with collecting a sufficient amount of fresh cats’ blood 
were insurmountable Careful preliminary experiments were earned 
out to detect any indication of harmful reactions resulting from the 
above combination Even after long periods of perfusion no deleterious 
effect could be seen other than the appearance of some edema which 
might have been expected, regardless of the nature of the perfusion fluid 
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The fact that continued perfusions caused no striking changes in blood 
flow or ventilation was deemed evidence of the nontoxicity of the blood 
The blood to be used in any particular senes of experiments was 
divided in advance into two portions One, the larger, was centrifugated 
and most of the supernatant plasma removed Just previous to the 
experiment the sample to be used at that time was placed m a large 
bottle tightly stoppered with a two-hole rubber stopper, one opening of 
which was connected to a manifold by means of which vacuum, nitrogen 
and carbon dioxide could be controlled The other opening of the bottle 
was tightly closed The bottle was then evacuated and the resulting 
foam broken by the admission of nitrogen This process was repeated 
until a vacuum produced no foam, which was taken as an indication 
that reduction was practically complete In the case of concentrated 
bloods the process was, of course, much slower, but was accelerated by 
saturating the blood with carbon dioxide The experiments might be 
criticized as unphysiological since blood of such low O 2 content was used, 
but it must be remembered that it was desired to test the ability of the 
lung to allow access of oxygen to the blood Unless some common base 
line were adopted this estimation could not be made under exactly 
comparable conditions The reduced bloods were kept under an atmos- 
phere of nitrogen until they were ready to be introduced into the perfusion 
apparatus At this time the sample was forced into the storage bottle of 
the apparatus (14) by pressure from a hydrogen tank and was kept under 
an atmosphere of this gas during the course of the experiment The 
storage bottle was connected to an 18 liter bottle connected at {IS), 
which in turn was connected to a constant water pressure The blood 
was forced from the storage bottle through a condenser {16) to bring it 
to the proper temperature, and thence to the pulmonary artery The 
pressure in this artery was adjusted by means of the stopcock {17) 
A record of the pulmonary arterial pressure changes was recorded by a 
mercury manometer connected at {IS) The outflowing blood was caught 
in a 500 cc graduate {19) which served to measure the total blood flow 
while the rate of flow was computed from a tambour connected at {20) 
Perhaps the feature to be most carefully avoided was the possibility 
of edema In the preliminary expenments m which perfusion was 
carried out over a long period of time, edema was obviously present 
In the course of these experiments certain signs were discovered whereby 
it was possible to recognize this condition at its onset and furthermore to 
estimate the duration of time that an experiment could be earned on 
without vitiating the results Early edema was manifested by an 
increase in ventilation pressure and a decrease m venous pressure No 
experiments in which these signs appeared are reported in this paper 
In all experiments the period of perfusion was made as brief as was 
consistent with securing an adequate senes of samples 
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The analyses for the degree of saturation were made on the Van 
Slyke apparatus, while the oxygen capacity was estimated from the 
hemoglobin concentration determined by means of the spectrophotometer 
Both arterial and venous samples were taken as nearly simultaneously 
as possible for each reading Any vanation in hemoglobin content 
served as a check on fluid loss, and hence edema Obviously care had 
to be exerted that the storage bottle of blood was constantly agitated 
in order to avoid sedimentation In the first expenments we attempted 
to study both normal and polycythenuc bloods in the same lung, but the 
period of perfusion extended over much too long a time and the practice 
had to be discontinued in favor of individual expenments for each type 
of blood 

The general nature of the data obtained by this procedure may be 
illustrated in tabular form by a protocol of a pair of companion expen 
ments 

It will be noted that the degree of saturation of the venous blood in 
the case of the concentrated sample dropped markedly in the later 


TABLE I 

Protocol of a typical pair of experiments 



Blood 

pressure 

Intrathoraclc 

pressure 

Arterial blood 

Venous blood 

Experl 

ment 

Ttae 

Arte- 

rial 

Venous 

Inspl 

ration 

Expi 

ration 

Oxygen 

capacity 

Oxygen 

content 

Per 

cent 

satu 

ration 

Oxygen 

capacity 

Oxygen 

content 

Per 

cent 

satu 

ration 

A* 

mtttules 

1 25 

mm 

Hz 

10 

mm 

HtO 

10 

mm 

HtO 

- 50 

mm 

HtO 

-20 

volumes 
fer cent 

15 34 

volumes 
per eent 

4 32 

28 

volumes 
per (ent 

14 74 

volumes 
per cent 

14 83 

100 0 


3 60 

20 

25 


m 

IS 27 

4 03 

26 8 

15 14 

IS 13 

100 0 


4 80 

m 

25 


-io 


4 18 

27 25 

15 42 

14 83 

96 0 


7 50 

40 

45 

- 60 

m 

lost 

4 08 


15 42 

14 90 

96 5 













Bt 

100 

23 

24 

- 80 

-40 

39 25 

142 

3 60 

37 59 

26 82 

714 


3 20 

23 

24 

-UO 

la 

40 59 

142 

3 50 

37 37 

24 58 

66 0 


6 50 

23 

24 

-no 

-40 

39 39 

142 

3 60 

38 83 

21 88 

56 3 


* Experiment A Tidal air, 28 cc per respiration Rate of respiration, 
40 per minute Lung capacity, 196 cc Average rate of blood flow, 35 cc 
per minute 

f Experiment B Tidal air, 30 cc. per respiration Rate of respiration 
20 per minute Lung capaaty, 166 cc Average rate of blood flow, 40 cc, 
per minute 
50 
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readings As far as we could determine this was not due to any change 
in the lung tissue but rather to a continually dimimshing tension of 
oxygen in the alveolar air resulting from the demands of the concentrated 
blood Spectrophotometnc evidence proved, m addition, that the 
hemoglobin had retained its ability to combine with oxygen The slight 
variations noted in oxygen capacity are without doubt due to sedimenta- 
tion, which could not be completely controlled 

The results are summarized in Figure 3 in which the crosses represent 
the degree of saturation of the normal blood and the circles that of the 
concentrated blood It will be noted that in every case the normal blood 
was oxygenated completely or almost completely, which is exactly what 
one would predict for the oxygen tensions used and the rate at which 
the blood was flowing through the lungs The results indicate clearly 
the efficiency of the perfusion system 
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Fig 3 Comparative Results of Perfusing the Lungs with Normal 

AND Polycythemic Blood 

Crosses represent normal blood, the circles, polycythemic Explanations 
of curves Xx, Xi, Yx and Fz are given in the text 


In the concentrated blood on the other hand, a normal saturation 
was never attained In spite of the fact that the lungs were to all 
intents and purposes normal, i e allowed oxygenation of normal blood, 
it IS evident that with the usual ventilation and blood flow the system 
IS incapable of functioning adequately The incapacity of the system 
may be noted in a very simple manner In two expenments, represented 
by curves X and F, an attempt was made to reproduce what would be 
the normal compensatory reaction of an animal, i e the minute volume 
of respiration was increased These results are of particular significance 
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Since they show beyond Question that the difficulty is not referable to 
any faults of the apparatus In the routine expenments ventilation was 
within the normal resting limits defined by Scott (6) and by Churchill 
(7), whose observations agreed with our own measurements It was 
further noted that hyperpnea, produced by stimulation of the sciatic 
previous to removing the heart and lung, raised the ventilation to about 
twice its resting value Accordingly the minute volume was doubled in 
order to test the effect of a normal degree of hyperpnea 

The ventilation m the section of the first curve, designated as Xi, 
was 700 cc per minute, which is within the normal range At point Xj 
the ventilation was increased to 1330 cc per minute The increase in 
saturation is, however, far from proportional to the increase in ventilation, 
since the change is only from 87 to 90 per cent, which would correspond 
to a change in alveolar O 2 tension of about 5 millimeters 

The results plotted in curve T are more stnking The original 
ventilation, represented by section Yi of the curve, was 1200 cc per 
minute while in the section Yi the volume was increased to 2280 cc. per 
minute In this case we have started with a moderate hyperpnea and 
increased the ventilation 190 per cent In spite of this o'tygen increase 
the saturation of the blood changes only from 70 to 77 per cent, equiva 
lent, approximately, to 9 mm of 0 It is obvious that if this represents 
the proportionality behveen ventilation and saturation, a tremendous 
hyperpnea would be required to produce a normal condition in the venous 
blood It IS conceivable that the oxygen saturation of the blood failed 
to increase under the unphysiological artificial conditions of these experi- 
ments because forced expiration did not have its usual effect, that no 
matter what the minute volume might be, the alveoli were incompletely 
aerated and therefore contained air with an unusually low oxygen tension 
In order to test the validity of such a cnticism the mode of attack was 
changed Instead of increasing the amount of air sucked into the lungs 
at each respiration the amount of oxygen in the air was increased 
Under these arcumstances the problem of accumulation of nitrogen in 
the alveoli was eliminated and oxygen saturation depended only upon 
the rate of diffusion into the blood and subsequent oxygenation In 
accordance with this scheme the ventilation gas mixture was changed to 
94 per cent oxygen and 6 per cent carbon dioxide The results proved 
definitely that even such a concentration of oxygen was barely adequate 
to approximate normal conditions, with this tension the average satura- 
tion was only 91 per cent This figure indicates that it is about 6 to 7 
times as difficult to oxygenate concentrated blood as it is to oxygenate 
normal blood 

DISCUSSION 

Certain definite facts stand out as the result of the above expenments 
A With this method blood of normal concentration is adequately 
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oxygenated B Increasing the number of cells, and consequently the 
amount of hemoglobin passing through the lung tissue per minute, 
results in inadequate oxygenation C Doubling the amount of venti- 
lation results in only a minor change m the saturation of concentrated 
blood D Only when the oxygen tension of the inspired gas is increased 
to over SIX times that of the normal atmosphere does the saturation 
approximate normal 

The question arises as to what physiological reactions are responsible 
for these differences between bloods of normal and high concentration 
The distinction appears to be inherent in the character of the blood and 
not referable to the conditions of the experiment, since normal blood 
behaves as it does when it is oxygenated m the physiological manner 
The lungs function efficiently as an oxygenating device In fact, as the 
blood used was nearly completely reduced the tissue was called upon to 
do more work than would ordinarily be the case t7t mvo The use of 
blood from another species seems to have caused no toxic effects On 
the basis of these observations we are inclined, therefore, to dismiss the 
idea that there was any change m the lung tissue per se 

The problem therefore resolves itself into a discussion of what factors 
in the blood or respiratory mechanism act, either independently or 
together, to produce the result found The outstanding factor is perhaps 
the increased amount of hemoglobin passing through the lungs per 
minute The demand for oxygen increases directly as the concentration 
of hemoglobin In consequence, oxygen tension in the alveoli and the 
degree of oxygenation of the blood should diminish as the perfusion 
progresses That this is the case is illustrated by the expenment shown 
in Experiment B, Table I, where the saturation decreased from 71 to 56 
per cent during the period of measurement 

This might afford an adequate explanation of the whole phenomenon, 
were it not for the fact that increased ventilation of the lungs proved 
insufficient to produce normal oxygenation and also that it was found 
necessary to increase the oxygen tension to seven times that of normal 
before full saturation was even approximated In the case of the expen- 
ments in which the ventilation was increased, the change in the degree 
of saturation was by no means proportional to the increase in the minute 
volume of respiration The increased movement of air failed to change 
the tension of alveolar oxygen to any marked extent Perhaps more 
significant is the high pressure necessary to drive a sufficient amount of 
oxygen into the blood In other words, the rate of diffusion of oxygen 
is reduced in the case of the more concentrated blood This is exactly 
what Harrop and Heath (8) found m polycythemic individuals These 
investigators ascribe this change to alteration of the pulmonary epi- 
thelium This cannot be said to be true m our experiments, inasmuch 
as the lungs behaved m a normal manner when perfused with blood 
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containing a low concentration of cells It is obvious, therefore, that 
the reason for the faulty oxygenation of the blood must be sought else- 
where It will be recalled that m the experiments upon the dissociation 
curves a longer time was needed for complete equilibration of the concen- 
trated blood It would seem, therefore, that a certain fraction of the 
unsaturation can be attnbuted to the character of the concentrated 
blood itself 

Still another factor to be considered is the reaction which occurs m 
the capillaries In the table ated it will be noted that the amount of 
blood flowing through the system is approximately the same in both 
expenments The viscosity of the concentrated blood is much greater 
than normal, yet if the second readings of both types of expenments are 
compared it will be noted that the same pressure produces the same flow 
The simplest explanation that can be suggested for this adjustment is 
dilatation of the smaller vessels The appearance of the lungs in the 
two cases certainly substantiated this view If such a compensation 
involved the alveolar capillaries a second reason for the impairment of 
oxygen diffusion is found in the increased distance the gas must pass in 
order to complete the process of oxygenation In addition to this effect, 
the engorgement of the vessels would decrease the alveolar space, i e , 
the vital capacity, thereby adding to the factors which promote anoxemia 

SUMMARY 

Studies of the dissoaation curves of normal and artificial poly- 
cythemic bloods, show no difference in the tension of oxygen required to 
produce a given saturation When these types of blood are oxygenated 
by the perfused lung the normal blood becomes completely oxygenated 
while the concentrated blood is never fully saturated Increasing the 
oxygen tension increases the saturation of the concentrated blood 

The difference between the two bloods is ascribed to the greater rate 
at which hemoglobin m the polycythemic blood passes through the lungs, 
coupled with a delayed diffusion resulting from capillary dilatation 
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ELECTROLYTES IN HUMAN TISSUE III A COMPARISON 
OF NORMAL HEARTS WITH HEARTS SHOWING 
CONGESTIVE HEART FAILURE* 

By WALTER E WILKINS AND GLENN E CULLEN 

(From the Department of Biochemistry VanderMl University School oj Medicine Nash 

inlle Tennessee and the Children s Hospital Research Foundation and the Depart 
meat of Pediatrics College of Medicine University of Cincinnati Cincinnati) 

(Received for publication June 30 1933) 

Previous studies from Vanderbilt Medical School (Hamson, Pilcher 
and Ewing, 1930) (Calhoun, Cullen, Clark, and Harrison, 1930) have 
shown that the potassium content of heart muscle may be diminished 
in persons dying with congestive heart failure The present study was 
planned to investigate the concentration of other important electrolytes 
under the same conditions and in normal hearts, i e , hearts from persons 
killed m acadents However, when the pathologic reports were analysed 
It was found necessary to divide the material into three groups — (1) 
Normal hearts, (2) an intermediate group of hearts from fatal accidents 
which show pathologic evidence of cardiac disease, and (3) hearts from 
persons dymg with congestive heart failure See Table I 

Seventeen hearts, 5 in Group 1, 4 in Group 2, and 8 in Group 3, 
were analysed for water content, calcium, magnesium, phosphorus, 
potassium and sodium 

The methods used in this study are those described elsewhere (Cullen 
and Wilkins, 1933) Special precautions were taken to determine 
accurately the water content of the tissues The samples, which were 
shipped, were sealed in air tight bottles, and any liquid which came out 
of the tissues duong transit was included in the entire sample which 
was weighed and dned 

RESULTS 

The determined values, in most cases based on duplicate analyses, 
for water, total phosphorus, potassium, sodium, calcium and magnesium 
are given in terms of wet muscle in Table II In order to compare the 
osmotic relationship of the electrolytes m the tissue, the results were 
calculated to milliequivalents per kilo tissue water, as was done by 
Van Slyke, Wu and McLean (1923) for blood electrolytes In this 

* The expenmental data in this report are taken from a thesis submitted by 
Walter E Wilkins in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy in the Graduate School of Vanderbilt Umversity 
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TABLE I 


Individual case data 


Case 

number 

Sex 

Age 

Heart 

weight 

Chief diagnosis and cause of death 




grams 


Group 1 





1 

M 

34 


Bullet wound of abdomen, hemorrhage, heart normal 

2 

M 

24 

400 

Bullet wound of head, heart normal 

3 

M 

25 

265 

Fracture of skull, ruptured liver and kidney, heart normal 

4 

M 

33 

400 

Bullet wound through lungs and heart, heart normal 

S 

M 

25 


Bullet wound of abdomen, hemorrhage, heart normal 

Group 2 

1 



6 

M 

38 

535 

Fracture of skull 

7 

M 

31 


Bullet wound of abdomen, hemorrhage 

8 

M 

49 

450 

Lacerations of head, dislocation of hip, (chloroform 
anesthesia) toxic hepatitis, myocardial hypertrophy, 
generalized arteriosclerosis 

9 

M 

1 


400 

Multiple comminuted fractures of the pelvis, hemorrhage, 
alcoholic intoxication, generalized arteriosclerosis 

Group 3 




10 

M 

25 


Myocardial hypertrophy and dilatation, adhesive peri- 
carditis 

11 

M 

33 

770 

Myocardial hypertrophy and dilatation, syphilitic aortitis 
and insufficiency 

12 

F 

23 

450 

Myocardial hypertrophy and dilatation, syphilitic myo- 
carditis 

13 

M 

72 

400 

Myocardial hypertrophy, generalized arteriosclerosis 

14 

M 

40 

860 

Myocardial hypertrophy and dilatation, generalized arterio- 
sclerosis 

IS 

F 

45 

740 

Myocardial hypertrophy and dilatation, generalized arteno- 
sclerosis 

16 

M 

69 

550 

Myocardial hypertrophy and dilatation, generalized arterio- 
sclerosis 

17 

M 

55 

800 

Myocardial hypertrophy and dilatation, generalized arterio- 
sclerosis 


calculation one millimol of phosphorus is considered one milliequivalent 
(see Peters and Van Slyke (1931), p 1102) The average, maximum 
and minimum values for the several elements are summanzed in Table 
III In addition, in this table, is given a similar summary based on 
dry weight because much of the previous work has been reported in dry 
weight 

Water 

Domagk (1924) and Scott (1931-a.) have shown that the water 
content of the left ventricles of persons who died of tuberculosis was 
greater than that of the left ventricles of persons dying from a variety 
of other diseases Apparently neither of these workers determined the 
water content of the right ventricles Scott (1930, 1931-o) found no 
difference in the average water content of the left ventricles of cardiac 
heart and that from a number of persons who died from other diseases 
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table II 


Inorganic consttluenU of xenincUs of normal and diseased hearts 


Right ventricle 


Left ventricle 


Per 100 crama wet tissue 



HtO 

P 

K 

Na 

Ca 

Mg 

HtO 

P 

K 

Na 

Ca 

Ms 

number 

grams 

mgm 

mgfn 

mgm 

mgm 

mgm 

gram 

mgm 

mgm 

mgm 

mgm 

mgm 

Normals 

1 

80 1 

203 

229 

96 

8 2 

21 8 

78 1 

242 

324 

73 

66 


2 

80 4 

164 

259 

133 

93 

18 2 

79 5 

184 

280 

114 

95 


3 

76 9 

180 

285 

111 

75 

iTi¥l 

78 0 

199 

325 

98 

63 


4 

812 

142 

220 

112 

70 

16 4 

801 

179 

302 

97 

62 


5 

77 6 

19S 

280 

83 

59 

22 3 

78 8 


326 

76 

m 


Average 

79 2 

177 

255 

107 

7 6 

19 S 

7g9 


m 

iQ 

m 

201 











Cl 

■■1 



Intermediate 


6 

80 9 

137 

205 

148 

82 

HI 

79 8 

177 

262 

118 

63 


7 

83 7 

159 

201 

181 

62 

14 6 

80 9 

213 

332 

106 

64 


8 

830 

146 

178 

130 

92 

15 7 

80 3 

154 

217 

81 

64 

165 

9 

79 0 

146 

203 

138 

94 

15 8 

78 9 

197 

326 

101 

69 

m 

Average 

SI 7 

147 

197 

149 

S3 

15 3 

SOO 

1S5 

2S4 

102 

65 

IS 7 


Cardiacs 


10 

Ei 

Bl 

223 

129 

64 

15 1 

82 1 

149 

237 

128 

56 

iBi 

11 


IE m 

209 

155 

54 

13 8 

80 4 

178 

226 

115 

44 

i»i 

12 

IQ 

Bi 

134 

186 

89 

11 6 

81 9 

142 

209 

154 

67 

Ivyfl 

13 

82 9 

150 

174 

153 

99 

14 6 

81 5 

176 

236 

132 

10 9 


14 

82 4 

142 

180 

147 

72 


80 4 

173 

277 

92 

56 


15 

814 

145 

181 

148 

55 


79 1 

170 

248 

102 

50 


16 

78 2 

158 

235 

120 

87 

14 6 

78 9 

185 

325 

94 


18 0 

17 

79 3 

183 

265 

101 

45 

18 5 

79 4 

188 

303 

100 

la 

163 

Average 

SIJ 

149 

200 

142 

71 

14 7 

SOS 

170 

2Sd 

US 

6J 

US 


In the present study there is no evidence from the 5 normal hearts 
of a consistent vanation in water content between right and left ventricles, 
but for the diseased group there is a definite tendency for each nght 
ventncle to have a higher water content, by about 1 per cent, than that 
of the left from the same heart Moreover, the heart from persons 
dying with congestive heart failure showed an average of about 2 3 per 
cent more water in the nght ventricles and about 1 6 per cent more in 
the left ventricles than did the normal hearts These changes stand 
out more emphatically when stated in terms of percentage solids This 
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TABLE III 

Averages of inorganic consliluents of ventricles calculated on basts of dry-weight and of tissue 

water 



Mgm per 100 grams dry tissue 

m Eq per kilo tissue H 0 

Group 





Right ventricle 

Left ventricle 

Right ventncle 

Left ventncle 


Phosphorus 


Normal average 

852 

962 

72 

83 

Intermediate average 

811 

926 

58 

74 

Cardiac average 

808 

870 

59 

68 


Potassium 


Normal average 

1225 

1475 

83 

100 

Intermediate average 

1081 

1422 

61 

91 

Cardiac average 

1075 

1314 

63 

82 


Sodium 


Normal average 

521 

436 

58 

51 

Intermediate average 

828 

508 

79 

55 

Cardiac average 

786 

594 

76 

62 


Calcium 


Normal average 

36 9 

32 7 

48 

44 

Intermediate average 

45 0 

29 9 

5 1 

41 

Cardiac average 

38 8 

33 4 

43 

3 9 


Magnesium 


Normal average 

95 4 

95 0 

20 6 

210 

Intermediate average 

84 0 

93 5 

15 4 

19 2 

Cardiac average 

79 0 

82 0 

14 9 

16 2 


means a decrease from normal of 11 per cent of the total solids in the 
right ventricles and of 7 5 per cent m the left ventricles Apparently 
the right ventncle shows a greater susceptibility to increase in water 
content or decrease in solids than does the left ventricle 

This IS in agreement with the findings of Calhoun, Cullen, Clarke and 
Harrison (1930) who found that right and left ventricles in patients who 
died with congestive heart failure showed an increase in water content 
over the hearts of patients who died from a variety of other diseases 
It IS also of interest to note that the two right ventricles which contained 
the most water were also high in sodium Of these, one showed also the 
lowest potassium content on any basis of calculation This right 
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ventnoie (case number 12), was also the lowest in magnesium and phos- 
phorus per unit of wet weight These facts indicate a definite tendency 
toward edema in diseased heart muscle, especially that of the right 


ventncle 


Phosphorus 


The figures for phosphorus represent total phosphorus m each case, 
no attempt was made to determine the phosphorus fractions 

Scott (1931 a) reported a large senes of phosphorus determinations 
on the left ventncles of persons who died with a vanety of diseases and a 
group who died of tuberculosis The following is a summary of his 
values 



J i 

Mtnffflum 1 

Mean 

i 

I tfltm fier lOO irams offreSh tissue 

General diseases I 

233 1 

139 

176 

Tubert:ulosjs | 

193 

129 

153 


1 


In the present normal group the left ventncles contained an average 
of about 15 per cent more phosphorus than did the ngbt In the group 
of persons who died with congestive heart failure the left ventncles 
contained an average of about 14 per cent more phosphorus than the 
nght Both the right and left ventncles of the persons who died with 
congestive heart failure contained an average of about 16 per cent less 
phosphorus than did the corresponding ventncles of the normal group 
These findings are in agreement with those of Laszlo (1928) who noted a 
decreased amount of phosphorus in the skeletal and cardiac muscles of 
persons who died with cardiac disease 

Potassium 

In this study the individual left ventncles of each group showed 
without exception a higher concentration of potassium than did the nght 
This contrasts with the fact that the left ventncles of each group without 
exception showed a lower content of sodium than did the nght One 
case With extreme congestion of the lungs showed very low values for 
potassium and high values for sodium in both ventncles, but especially 
in the nght 

When these values are expressed in nulliequivalents per ktlo of 
muscle water, the total concentration of sodium plus potassium m the 
right ventricles is of the same order as that of the left ventncles 

The hearts of individuals who died with congestive heart failure were 
poorer in potassium and ncher m sodium than those of the normal 
control group The figures show that there was some degree of over- 
lapping, but the averages show a defimte and appreciable difference 
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This IS true when the concentrations are expressed in milligrams per 
100 grams of fresh tissue, milligrams per 100 grams of dried tissue, and 
in milhequivalents per kilo of tissue water 

These findings, in respect to potassium, confirm, with a different 
analytical method, those of Harrison, Pilcher and Ewing (1930), and 
those of Calhoun, Cullen, Clarke and Harnson (1930) The latter 
authors believe that overwork causes loss of potassium from cardiac 
muscle and that this loss is one of the predisposing factors to cardiac 
fatigue and failure They also studied a number of different tissues from 
individuals who died of a vanety of diseases, and suggest that potassium 
loss in congestive heart failure is not confined to the heart and skeletal 
muscle, but apparently holds for several other types of tissue Later 
Calhoun, Cullen and Harrison (1930) found that overwork of the muscles 
of one leg of dogs, produced by continual stimulation of the sciatic nerve 
causing the leg to lift a weight, usually leads to a diminished content of 
potassium in the muscles as compared with those of the opposite un- 
stimulated leg 

Harrison, Pilcher, and Ewing (1930) suggested the possibility that 
loss of potassium from the heart muscle is compensated for by an increase 
in one or more of the other basic elements The present study shows 
that there is a "compensation" by sodium 

Scott (193 1-J) who has made the most extensive study of the in- 
organic substances in human left ventricle heart muscle, failed to find a 
significant diminution of potassium in the left ventricles of persons who 
died of congestive heart failure compared with the left ventricles of 
persons who died from a variety of other diseases He found highly 
variable amounts of both sodium and potassium in both groups His 
average values for potassium in the left ventncle are much lower than 
those of other authors, including ourselves 

The discrepancy between Scott’s values (1931-&) for potassium and the 
present results has been disturbing The possibility that this is due to a 
difference in ashing is suggested by the following observations When the 
present investigation was begun, a number of tissues were ashed in somewhat 
the same manner as were those of Scott, and results for potassium similar to his 
were obtained These results were low as compared with the previous studies 
in this laboratory, and the ashing technic was scrutinized It was found that 
if ashing were done in the muffle furnace without H 2 SO 4 , the potassium values 
were low When a small amount of H 2 SO 4 was added before ashing the 
duplicate ashings gave potassium figures which were higher, which checked 
closely, and which were within the range of those previously obtained when 
the wet ashing technic was used Blanks were, of course, run under both sets 
of conditions 

In a more recent study with an improved method Scott (1931-c) reported 
much higher values for potassium in the left ventricles of a large number of 
hearts than he reported in the three previous studies These later values are 
more nearly within the range of ours 
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Sodium 

Few figures are available on the sodium content of the various soft 
tissues, although its concentration in the blood has been the object of 
numerous investigations 

In the human, sodium appears to be present in much greater concen 
trations in the extracellular fluids than in any of the cells In this 
respect It differs from potassium and magnesium, which appear in greater 
concentrations in the cellular structures Of the anions, chloride appears 
to vary with sodium, while phosphate vanes v ith potassium 

Loeb, Atchley and Palmer (1922) have shown that edema fluids may 
contain approximately the same concentration of sodium as blood serum 
It follovis that even a slight increase in the water content of a tissue 
may be accompanied by an appreciable increase in sodium 

In the present study the sodium content of the nght and left ventricles 
of seventeen human hearts was determined In all seventeen cases, 
with two exceptions, the nght ventricles contained decidedly more 
sodium than did the left ventndes In every instance, the opposite was 
true of potassium 

In both ventricles the normal hearts showed a higher average content 
of potassium than did the corresponding ventndes of persons who died 
with congestive heart failure J ust the reverse was the case with sodium 
There was some overlapping with reference to sodium as well as with 
potassium, but most of the individual cases, as well as the averages, 
showed a definite increase m the sodium content of both ventndes of 
the persons who died w ith congestive heart failure 

The four left ventndes which had the highest potassium content 
showed the lowest values for sodium 

Scott (1930) reported a number of instances in which the normal 
K/Na ratios were almost reversed in the left ventncle We found some 
tendency toward such a reversal in both ventndes of several persons 
who died with congestive heart failure, but found no such change in any 
heart in the normal group 

Scott's averages for the sodium content of the left ventricles are 
higher than those yielded by the present study In view of the fact 
that his values for sodium were calculated by difference, his higher 
figures for this element may have been due to his failure to recover all 
of the potassium This point has been discussed in the section on 
potassium 

Calcium and magnesium 

Although the significance of changes in calcium concentration m the 
blood has been studied intensively little is known concerning changes of 
calaum in tissue Little is known concerning the importance of mag- 
nesium in either blood or tissue Magnesium is essentially a tissue 
cation, calcium is in greater concentration in serum and other extracellular 
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fluids than it is in most soft tissues Katz showed that human skeletal 
muscle contained about 7 5 mgm per cent of calcium and 21 mgm of 
magnesium per 100 grams fresh muscle On a basis of milheqmvalents 
this gives a Ca Mg ratio of about 1-4 Scott found in the left ventricles 
of 14 hearts from patients with general disease an average of 8 mgm of 
calcium and 17 4 mgm of magnesium per 100 grams fresh tissue and in 

14 hearts from patients dying with tuberculosis 9 0 mgm calcium and 
16 mgm magnesium 

In another study (Cullen, Wilkins and Harrison (1933)) we found in 
autopsies from general disease that the right ventricles average 7 3 mgm 
per cent of calcium and 18 4 mgm per cent magnesium, and the left 
ventricles averaged 6 4 mgm per cent calcium and 21 mgm per cent 
magnesium In the present study 15 of the 17 hearts show slightly less 
calcium and more magnesium in the left ventricle than m the right 

The variation in calcium content in both normal and diseased hearts 

15 so great that, with the small number of cases, it is impossible to state 
whether or not there is less calcium in the diseased heart than in the 
normal There is a tendency for the abnormal hearts to show a decrease 
in calcium proportional to the decrease in total solids which suggests 
that the calcium is related to the tissue protein in the same manner 
that It IS related to serum protein Scott, however, found no significant 
difference between the calcium content of the left ventricles of patients 
dying of heart failure and of those dying from other diseases 

In most cases the hearts showing cardiac disease have a decidedly 
lower magnesium content than do the normal hearts 

In general the variations of magnesium content parallel those of 
potassium and phosphorus 

GENERAL DISCUSSION 

Total base determinations, as such, were not made on this group of 
tissues, but were calculated from the values for the individual bases 
We found, in a former study, that some calcium and magnesium failed 
to come through during the removal of phosphate by the method of 
Stadie and Ross (1925) This fact has also been noted by Brown and 
Shohl (1931) 

In all of the normal group the concentration of total bases (in milli- 
equivalents per kilo of tissue water) ivas higher in the left ventricle than 
in the right, but both were within the same general range 

The nght ventricles of the normal hearts show an average of 167 and 
the left ventricles an average of 176 milheqmvalents per kilo of tissue 
water The hearts from persons who died with congestive heart failure 
contained an average of 159 milliequivalents per kilo of tissue water in 
the right ventricles and 166 in the left Thus the latter group showed 
in both ventricles a slight diminution in total base as compared with the 
normal controls 
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Van Slyke Wu and McLean (1923) have pointed out that the osmolar 
concentration of total electrolytes m the water of blood plasma and cells 
IS practically equal despite the differences in the concentrations of the 
individual ions They found, in a typical case, 162 milliequivalents of 
base per kilo of serum water and 174 per kilo of red blood cell water 
Gamble, Ross and Tisdall (1923) have expressed the belief that this 
close relationship holds also for the cell water of muscles and probably 
for other tissues of the body The present results support this view 

The total electrolyte concentration in the tissue is of importance in 
relation to the osmotic conditions existing there Although the data 
given above do not give any direct evidence as to the cause of the shift 
in diseased tissue, it is significant that it is preasely what would be 
expected if the permeability of the tissue were increased Then sodium 
would diffuse into the tissue cells from its higher concentration in extra- 
cellular fluids, and potassium, magnesium and phosphates would diffuse 
out from their higher concentration in the cells Calaum, approximately 
equal in all fluids, would show little change The relations between 
potassium, phosphorus and sodium are shown graphically in Figure 1 
It IS at once apparent that potassium and phosphorus parallel each other 
and that sodium fluctuates regularly in the opposite direction to potassium 
and phosphorus 

The question of the ratio of the individual elements to each other is 
of course important and the average ratios of P/K and K/Na are given 
in Table IV 

TABLE IV 

Ratio of potassium to phosphorus and sodium based on concentration per kilo tissue water 



MllUmole P 
MUllmols K 

M!lHe<iulvaIent8 K 
MUHequlvalents Na 

Right 

ventricle 

1 Left 

ventricle 

Right 

ventricle 

1 Left 

ventricle 

Normal average 

0 8S 

0 83 

145 

2 05 

Intermediate average 

0 96 

0 82 

0 78 

1 65 

Cardiac average 

0 96 

084 

0 88 

139 


The data demonstrates unmistakably a real difference in the concen 
tration of the important electrolytes in the two ventncles It is im 
portant that both potassium and phosphorus, which are known to be 
involved in the buffer mechanism of muscle are in the muscle which 
has the greatest work load However, until the phosphorus distnbution 
in these conditions is known, it is undesirable to speculate further 

We wish to acknowledge our indebtedness to Dr Richard Austm of 
the University of Cincmnati, Drs George M Leiby and Kenneth M 
Lynch of the Medical College of the State of South Carolina Dr C W 













1072 


ELECTROLYTES IN HEART TISSUE 


Averages for P, K, and Na 


R V 


L V 


M eq per 
literof 


«/> 



Muehlberger of the Coroner’s Laboratory, Cook County Morgue, 
Chicago, and to the Department of Pathology of the Vanderbilt School 
of Medicine, for furnishing us the tissues used in this study 

SUMMARY 

1 The nght and left ventncles of seventeen human hearts were 
analyzed for water, phosphorus, sodium, potassium, magnesium and 
calcium Of these hearts, five were normal, four were from persons who 
had cardiac disease but who died from other causes, and eight were from 
persons who died with congestive heart failure 

2 The water content of the diseased right ventricle tends to be 
slightly higher than that of the left ventricle The water content of 
both ventricles of hearts from persons who died with congestive heart 
failure was found to be increased 
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3 The normal left ventncle contains more total phosphorus and 
more potassium than the nght Both ventricles of diseased hearts 
showed a decrease in total phosphorus and potassium 

4 The normal right ventncle contains more sodium than the normal 
left ventncle Sodium was increased in both ventncles of persons who 
died with congestive heart failure 

5 Usually the nght ventncle contains a slightly higher concentration 
of calaum than does the left ventncle No consistent variations were 
found in the calaum content of the ventncles of individuals who died 
with congestive heart failure 

6 Both the normal and diseased left ventncles were ncher in mag- 
nesium than the corresponding nght ventricles Both ventncles of the 
diseased hearts showed a diminution in magnesium 

7 The sums of the individual bases when calculated in milliequiva- 
lents per kilo of tissue water show that the two ventncles do not differ 
essentially m their content of total base 

8 The K/Na ratio in the normal left ventncle is higher than in the 
normal right ventncle Both ventricles of the diseased hearts showed 
a decrease in the K/Na ratio 

9 The P/K ratio was somewhat higher in the nght ventncle than in 
the left The diseased hearts had nearly the same P/K ratios in both 
ventncles as did the normal hearts, showing that the former had a 
proportionate decrease in phosphorus and potassium 
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Various theones concerning the cause of orthopnea have been ad- 
vanced, but sufficient proof for accepting any one e\planation of this 
phenomenon has not been offered 

As an excellent review of the literature on orthopnea has been given 
by Ernstene and Blumgart (1), only a tew of the theones will be men- 
tioned here Sahli (2) thought that the greater use of the accessory 
muscles of respiration, the accumulation of blood in the lower extremities 
leading to diminished pulmonary congestion, and a decrease in the work 
of the heart along with the relief of venous congestion of the brain and 
of the respiratory center by the action of gravity were the fundamental 
factors responsible for the sitting posture in orthopnea Haldane, 
Meakins and Priestly (3) expressed the belief that a decrease in anoxemia 
of the respiratory center and a better oxygenation of the arterial blood 
leaving the lungs were largely responsible for the greater comfort in 
breathing that a patient with cardiac disease exhibits m the upnght 
position 

Christie and Beams (4) reported careful studies of the vital capacity 
of a large number of normal subjects and of patients with cardiac disease 
They found that, although the vital capaaty was decreased when the 
normal person went from sitting to prone position, this decrease was 
much greater in patients with cardiac disease accompanied by orthopnea 
They, therefore, inferred that the diminished vital capacity of the lungs 
in the prone position is the main cause of orthopnea 

Ernstene and Blumgart (1), however, observed orthopnea of -necessity 
in patients in whom the vital capacity of the lungs was not significantly 
increased by changing from the recumbent to the sitting position They 
demonstrated furthermore a parallelism between the height of venous 
pressure and the degree of orthopnea in twenty two patients with un- 
complicated myocardial failure They were inclined to the view that 
lowering of cerebral venous pressure in the sitting posture is the primary 
factor in reducing the respiratory discomfort 

In a recent series of studies Harrison (5) demonstrated an increase 
in cerebrospinal fluid pressure in patients with cardiac failure and the 
parallelism of venous and spinal flmd pressure in this condition He 
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also observed the effect of treating by means of spinal drainage patients 
having congestive heart failure It was noted m observations not yet 
published that after spinal drainage was performed on individuals with 
orthopnea many of these patients were able to breathe more comfortably 
in the recumbent position, although the vital capacity of the lungs had 
not been significantly altered by this procedure A study was also made 
of the cisternal pressure in the upright and recumbent positions in one 
normal individual, and in one patient with congestive heart failure, 
and the relation of cisternal pressure to orthopnea was discussed In 
the present paper a larger group of such studies is reported 

The cisternal pressure in patients without cardiac disease 

While performing routine lumbar punctures on patients suspected of 
having syphilis an opportunity was offered to measure the cisternal 
pressure and the spinal fluid pressure in the sitting and prone positions 
m five patients, none of whom had any evidence of cardiac disease 
A U-shaped glass manometer filled with normal saline was used to make 
the readings of cisternal pressure The readings of lumbar spinal fluid 
pressure were taken with an Ayer water manometer Venous pressures 
were determined by the direct method of Montz and Tabora observing 
the usual precautions The vital capacity, the arterial blood pressure, 
and the pulse and respiration rates were likewise recorded in both 
positions (Table 1 ) 

The systemic venous pressure, as measured at the elbow, was found 
to be slightly higher in the upright than in the recumbent position The 
lumbar spinal fluid pressure was much greater in the sitting position 
The cisternal pressure (which ranged from — 22 to -j- 17) was on the 
other hand much lower in the sitting position, and in one individual 
was below zero The average arterial blood pressure and pulse rate 
were slightly greater in the sitting position, but neither the blood pressure 
nor pulse or respiration rates showed marked consistent changes, on the 
other hand m all instances the vital capacity was slightly increased in the 
sitting position 

The cisternal pressure in patients with congestive heart failure 

An opportunity was offered to carry out similar observations on five 
patients who had either syphilitic aortic insuffiaency or hypertensive 
heart disease with congestive failure, while attempts were being made to 
give relief by spinal drainage Similar measurements were made in the 
manner described above All observations on any one patient were 
performed on the same day ^ (Table 2 ) 

^ The cisternal pressure recorded was slightly lower in some instances and 
the spinal fluid pressure lower m others than they should have been because in 
some cases the spinal fluid pressure was taken first while in others the cisternal 
pressure was measured first 
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The venous pressure, the lumbar spinal fluid pressure, and the 
asternal pressure m each position were found to be much greater in the 
patients -with cardiac disease than in the normal individuals The 
venous and the lumbar spinal fluid pressures in the patients with cardiac 
disease were also considerably higher in the sitting than in the prone 
position As m the first group the cisternal pressure was much less in 
the upright than in the recunibent position Although the difference in 
the cisternal pressure in the two positions in the normal individuals was 
considerable, in the patients with cardiac disease this difference was 
much greater and averaged 256 mm water The arterial blood pressure, 
and pulse and respiration rates as in the first group showed no marked 
consistent changes between the two positions, although the pulse rate 
was usually slightly greater in the sitting position In every case the 
vital capacity was higher in the sitting than in the prone position and 
the percentile increase m the vital capacity was greater in this group 
than in the patients without cardiac disease 

' COMMENT 

Observations on the cisternal pressure of the normal individual in 
the sitting position have been rare Ayer (6) reported the cisternal 
pressure m the upright position to be below zero Weed (7) demon 
strated the difference in cisternal pressure m animals in the two positions, 
and Weed and Hughson (8) have shown the close relationship that exists 
betiveen the cerebrospinal fluid pressure and cerebral venous pressure 
It has been shown by Hamson, Cullen, Calhoun, Wilkins and Pilcher (9) 
that a decrease in vital capacity tends to cause a reflex mcrease in breath 
mg That an increase in venous pressure causes a reflex stimulation of 
respiration has been demonstrated by Harrison, Harnson, Calhoun, and 
Marsh (10) 

Since the vital capacity is less m the prone than in the sitting position 
m patients w ith congestive heart failure, this decrease in vital capaaty 
IS no doubt one important cause of orthopnea Furthermore, patients 
have been observed with slight orthopnea who have a diminution m 
vital capaaty but no significant elevation in venous pressure or in cere- 
brospinal fluid pressure 

On the other hand, a number of observations point to the conclusion 
that there is another very important factor not connected with the vital 
capaaty concerned in the production of orthopnea (1) In the first 
place, Emstene and Blumgart observed no parallelism betiveen the 
percentile reduction of vital capaaty and the degree of orthopnea, but 
did observe a staking parallelism between the height of venous pressure 
and the degree of orthopnea (2) Emstene and Blumgart found that 
when patients with orthopnea were placed in the recumbent position, 
simple elevation of the head by flexing it on the thorax produced a 
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conspicuous diminution of respiratory distress, although this procedure 
had no significant effect on the vital capacity of the lungs (3) Harnson 
found that, after spinal drainage was performed on individuals with 
orthopnea, many of these patients were able to breathe more comfortably 
in the prone position, although the vital capacity showed no significant 
change after this procedure It has now been shown that the cisternal 
pressure is markedly decreased when a patient goes from the prone to 
the sitting position It seems probable that this decrease m cisternal 
pressure along with its accompanying change m cerebral venous pressure 
explains the three sets of observations just mentioned Anything that 
tends to decrease cisternal pressure in a patient with cardiac disease 
will give additional comfort in breathing One method of reducing this 
pressure is to sit the patient up Another method is to employ spinal 
drainage Obviously, venesection is very useful, since it not only de- 
creases venous and spinal fluid pressures, but also increases vital capaaty 

As a result of these observations it is believed that, m addition to 
the increase m vital capacity, the diminished cisternal pressure is an 
important factor in producing the relief from dyspnea obtained m the 
sitting position The mechanism of this effect is as yet unknown 

SUMMARY AND CONCLUSIONS 

A Study was made of the cisternal pressure, the lumbar spinal fluid 
pressure, the systemic venous pressure, the vital capacity, the arterial 
blood pressure, and the pulse and respiration rates m the recumbent and 
upright positions in five patients without cardiac disease and m five 
patients with congestive heart failure 

1 The arterial blood pressure and pulse rate were usually slightly 
greater m the sitting than in the prone position, but m general the blood 
pressure, and the pulse and respiration rates showed no marked con- 
sistent changes with position in either group 

2 The systemic venous and lumbar spinal fluid pressures were greater 
in the sitting than in the prone position in each subject, and were much 
greater in each position in the patients with congestive heart failure than 
in the patients without cardiac disease 

3 The vital capacity was greater in the sitting than m the prone 
position in both groups of cases and the percentile increase of vital 
capacity with change in position was greater in the patients with cardiac 
disease 

4 The cisternal pressure was much greater in each position m the 
group with congestive heart failure than m the other group 

5 The cisternal pressure was much less in the upright than in the 
recumbent posture in each case and this difference m cisternal pressure 
between the two positions was much greater in patients with congestive 
heart failure than in those without cardiac disease 
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As a result of these observations it is believed that, m addition to the 
increase m vital capaaty, the diminished asternal pressure is an im- 
portant factor m producing the relief from dyspnea obtained in the 
sitting position The mechanism of this effect is as yet unknown 
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Although phlonzin has been used mostly m the lower animals, its 
administration to man is not without precedent, shortly after its isolation 
by de Koninck (1836a, b), this investigator tned it m the treatment of 
malana on the ground that it was bitter, like other remedies which were 
effective in this disease The use of the drug m this connection was 
short-lived, however, and it was not until many years later that v 
Menng (1885) discovered that it caused glycuresis and diuresis, observa- 
tions which initiated its application in the treatment of nephntis, sarcoma, 
etc , and as a test for renal function m man, in addition to its well known 
use in studies of metabolism Since these instances of human admmis 
tration are of some interest, we have summanzed them in Table I 

The largest dose per os appears to be 15 grams in wafer form, reported 
by Pietkiewicz (1869) and v Menng (1889), while Korte (1896) took 
three five gram doses dissolved in alcohol in one day v Menng (1889) 
also records the largest parenteral dose (in a case of sarcoma) 2 grams 
(in warm aqueous solution) injected subcutaneously daily, one gram in 
the morning and one gram in the evening, for a penod of thirty days 
Benedict and Lewis (1913 — personal communication) gave 2 grams daily 
in 10 cc of sterile olive oil subcutaneously over a penod of days In no 
instance was permanent injury descnbed 

Moderate intravenous doses of the drug produce no unfavorable 
reactions in the dog, and we decided that the intravenous route would 
be the most satisfactory for our purposes, particularly since we wished 
to determine the exact effect of small doses Our anticipation in this 
matter has been justified, since we have given phlonzin in doses varying 
from 2 0 to 65 0 mgm per kgm with no unfavorable reactions other than 
an apparent diminution in glomerular activity with the larger doses 
We feel called upon, however, to express a word of caution about the 
use of the intravenous technique m man and refer the reader to the 
description of our method of preparation and administration Previous 
observations from this laboratory have shown that in the dog adequate 
doses of phlonzin raise the glucose clearance and lower the creatinine 
clearance to the level of the xylose clearance Qolliffe, Shannon and Smith 
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TABLE 1 

Admimslralton oj phlonzin to man 


Investigator 

Date 

Mgm per 
man per 
diem 

Route of administration 

de Konmck 

1836 

1,600 

Per os, divided doses 

v Coetsem 

1836 

1,600 

Per os, one dose 

Mareska 

1836 

1,600 

Per os, 2 doses 

de Muynck 

1836 

1,250 

Per os, ? 

Hanegraeff 

1836 

1,600 

Per os, one dose 

Pietkiewicz 

1869 

15,000 

Per os, one dose 

V Menng 

1889 

15,000 

Per os, one dose 

Klemperer 

1896 

10,000 

Per os, one dose 

Korte 

1896 

15,000 

Per os, 3 doses 

V Menng 

1889 

2,000 

Hypodermic, 2 doses, for 30 days 

Magnus- Levy 

1896 

1,000 

Hypodermic, ? 

Achard and Delamare 

1899 

50 

Hypodermic, one dose 

Delamare 

1899 

50 

Hypodermic, one dose 

Casper and Richter 

1900 

? 

Hypodermic, one dose 

Allard 

lEBW 

200 

Hypodermic, one dose 

Tanaka 

1908 

10 

Hypodermic, one dose 

Benedict and Lewis 

1913 

2,000 

Hypodermic, one dose, repeatedly* 

Chabanier and Lobo-Onell 

1913 

25 

Hypodermic, one dose 

Grote 

1921 

10 

Hypodermic, one dose 

Kammtzer and Joseph 

1921 

25 

Hypodermic, one dose 

Het6nyi 

1922 

60 

Hypodermic, one dose 

Rosenberg 

1923 

SO 

Intramuscular, one dose 

Kammtzer and Joseph 

1924 

2 

Intramuscular, one dose 

Dunner and Mecklenburg 

1925 

44 

Hypodermic, one dose 

Dunner and Kronenberger 


10 

Intramuscular, one dose 

Present experiments 

1933 

3,800 

Intravenous, one dose 


* In oil (personal communication) 


(1932) and Shannon, Jolliffe and Smith (1932)) Our present expenments 
were designed to determine if similar changes in the glucose and creatinine 
clearances occur in man Large doses of the drug were avoided, and 
different individuals were employed for each test 

METHODS 

Our subjects were convalescent patients, with normal renal function, kept 
in bed throughout the morning of the experiment The routine of the experi- 
ments listed in Table II was as follows 

The patient was allowed no breakfast At zero minutes 70 grams of xylose 
were given in 10 tablespoons of oatmeal (no milk or sugar) and shortly after- 
ward 10 grams of creatinine were taken in water (N B The administration 
of xylose in oatmeal circumvents the diarrhea which frequently follows its 
administration in aqueous solution and generally gives a flat blood sugar 
curve ) Varying amounts of water were given at zero, 30 and 60 minutes, and 
at 90 minutes the bladder was emptied {vide infra) and the first urine collection 
penod begun After one or more control periods phlorizin was injected 
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intravenously Dunng the next few minutes (washout penod) normal saline 
was instilled into the bladder and removed with the discard Three more 
speamens of unne were then collected at intervals of 20 to 30 minutes each 

In the experiments listed in Table III the above routine was modified to 
permit the intravenous injection of sucrose At zero minutes SOO cc of water 
were taken followed by 70 grams of xylose in 10 tablespoons of oatmeal, at 
SO minutes an intravenous infusion of 10 per cent sterile sucrose solution (in 
distilled water) was begun, 600 cc being injected over a penod of 30 to 50 
minutes Immediately after this injecoon, phlonzin was administered intra- 
venously 

Urine was collected by catheterization in dry flasks containing a little 
benzoic acid with special care to secure complete emptying of the bladder 
Samples of blood were taken from the antecubital vein as near to the middle 
of each unne collection period as possible The blood was centnfuged and the 
plasma precipitated at once All plasma concentrations were interpolated to 
the exact middle of the unne collection penod and no correction was made for 
unnary dead space 

Phlonzin, repunfied by the method of Deuel and Chambers (1925) was 
weighed out in advance of the expenment Just before use the phlonzin was 
dissolved in hot, freshly boiled 2 5 per cent NaHCOj, and while still warm the 
solution was injected into the antecubital vein In those expenments where 
the dose of phlonzin was greater than 2 5 grams, it was necessary to weigh the 
drug in two portions and to dissolve them separately (Otherwise the solution 
cools and the drug recrystallizes dunng the injection ) 

The chemical methods used were those of Jolliffe Shannon and Smith 
(1932) and Shannon, Jolliffe and Smith (1932) Sugar and creatinine analyses 
were done twice in all experiments except those on T S , MW, and M M 
the deviation between the two analyses was slight, and the recorded figures 
are in every case averages of the two determinations 

Our expenments are divisible into two groups, m the first of which 
(Table II) the effects of single doses of phlonzin on the urea, glucose, 
xylose, and creatinine clearances were followed Two control samples 
of blood and unne were collected pnor to the injection of phlonzin, 
after a washout penod of 20 to 50 minutes to clear the dead space of the 
kidneys, ureters and bladder, three more samples of unne and additional 
samples of blood weie collected to enable us to observe the effects of 
phlonzin over a penod of 40 to 60 minutes 

The second group of expenments was designed to examine the effects 
of increasing doses of phlonzin on the glucose, xylose and sucrose clear 
ances (Table III) The arrangement of these experiments was similar 
to those of the first group except for the omission of control periods 

In the first group of expenments 118 mgm of phlonzin per kgm 
raised the glucose clearance for at least one hour to the level of the 
xy lose clearance, and 65 2 mgm per kgm did not raise the former 
significantly above the latter In accordance with the observations 
previously published from this laboratory, we interpret these results 
to indicate that the last four individuals m Table II were “completely 
phlonzmized, i e , the tubular reabsorption of glucose was completely 
blocked 
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TABLE II 


Simultaneous xylose, glucose, urea and creatinine clearances in man following intravenous 

administration of phlorizin 


Subject 

Phlo 

rizin 

Sur- 

face 

area 

Total 

con- 

current 

time 

Urine 

flow 

per 

minute 


Creatinine 

Urea 

Glucose 

Xy- 

lose 

Glu- 

cose 

Crea- 

tinine 

Urea 

Xylose 

Xylose 

Xylose 


mgm 

sq m 

mtnutes 

cc 





__ 




per ktlo 











TS 


1 51 

35 




35 9 

14 6 


72 


d* 



54 

95 

17 9 


310 

11 6 


65 





79 

88 

14 1 


26 0 

98 


69 





105 

Washout period 









141 

2 17 

22 6 

lOS 

33 2 

15 0 

147 

66 

58 




183 


15 9 

42 

23 0 

96 

145 

60 

26 

MW 

4 12 

1 18 

21 

m 

53 0 


104 3 

38 4 

197 

72 


9 



37 


64 7 


128 5 

49 1 

1 99 

76 





80 

Washout period 









99 

BIKIJ 

55 0 

35 2 

106 0 

46 1 

1 96 

84 

64 




117 

5 55 

59 0 

36 6 

113 5 

48 2 

1 92 

82 

62 




138 

5 76 

59 1 

30 8 

122 4 

47 1 

2 07 

80 

52 

M M 

6 07 

1 52 

31 

m 

18 4 


43 2 

14 5 

2 35 

79 


9 



63 


34 3 


78 5 

26 5 

2 29 

77 





90 

Washout period 









121 

Hilil 

IclilS 

BE 

65 1 

26 8 

2 11 

87 

101 




150 

KKflJ 

37 6 

34 6 

86 4 

32 5 

2 30 

86 

92 




179 


36 5 

15 3 

83 2 

30 2 

2 28 

83 

42 

AH 

118 

127 

18 




106 7 

440 

1 84 

76 

■I 

9 



74 

Washout period 









94 




86 2 

38 8 

1 76 

79 





114 

iitii 


55 2 

93 6 

40 3 

1 79 

77 

■IB 




139 


55 4 

57 6 

94 0 

40 8 

1 70 

74 

mi 

MS 

15 7 

1 39 

25 


53 5 


96 3 

417 

1 80 

78 


9 



72 










90 

1 67 

43 9 

45 4 

75 5 

310 

1 72 

71 

103 




104 


42 3 

442 

73 0 

30 7 

1 73 

73 

104 




130 

1 75 

48 6 

48 3 

81 2 

34 3 

1 67 

71 

99 

CS 

20 4 

147 

21 

M 

58 6 



34 3 

1 87 

58 


9 



41 





35 4 

1 85 

58 





74 

Washout period 









94 

2 37 

52 4 

EX 

105 5 

30 6 

2 01 

58 

103 




115 

2 25 

55 4 

EX 

108 5 

33 1 

1 96 

60 

101 




139 

2 26 

58 0 

56 8 

110 9 

34 9 

1 91 

60 

98 

NO 

65 2 

1 60 

20 

9 70 

43 0 


76 3 

33 1 

1 77 

77 


9 



44 

6 62 

41 4 


82 5 

34 3 

1 99 

83 





91 










106 

ijtm 


33 4 

46 3 


1 50 

65 

1 08 




126 

B!3 

32 9 

34 3 

49 9 

20 7 

1 52 

63 

1 04 




145 

1 94 


32 6 

48 6 

19 4 

161 

64 

1 08 
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TABLE III 


SimullaitMus xylose sucrose and glucose clearances tn manjollomng iniraienous 
administration of phlorizin 


Subject 

Phlorizin 

Surface 

area 

Total con 
current 
time 

Urine 
Row pet 
minute 


yj 

Sucrose 

Xylose 

Xylose 

Glucose 

Sucrose 



sq m 

minutts 

cc 

■ 





A V 

21 7 

158 

18 

6 64 


45 8 

56 0 

0 80 

0 98 


39 

5 38 

wjlil 

48 0 

54 4 

0 82 

093 




60 

441 

E&IS: 

43 2 

48 5 

0 85 

0 96 




80 

4 20 

49 3 

36 1 

47 4 

0 73 

0 96 

FM 

29 7 

132 

19 

1 4 30 

55 7 

50 9 

53 8 

0 91 

0 97 

9 

39 

3 95 

55 4 

55 4 

53 6 

100 

97 

1 



64 

3 48 

53 3 

54 1 

54 3 

1 02 

102 

VT 

419 

1S9 

31 

4 90 

46 8 

410 

45 0 

0 88 

0 96 

9 



51 

3 80 

37 8 

34 7 

35 6 

92 

94 




75 

5 79 

48 4 

45 5 

48 4 

94 

100 

WM 

45 3 

149 

20 

4 02 

42 0 

39 8 

42 0 

0 95 

100 




43 

3 97 

47 0 

45 9 

46 1 

0 98 

98 




66 

4 09 

49 5 

481 

50 0 

0 97 

101 




87 

3 77 

47 8 

48 1 

47 4 

101 

99 

FM 

59 4 

132 

29 

4 30 

55 1 

560 

58 6 

102 

106 

9 



54 

3 56 

57 2 

57 7 

614 

101 

107 




82 

2 86 

46 2 

448 

48 5 

97 

105 




104 

2 18 

443 

44 0 

45 7 

99 

103 


In the expenraents listed in Table III, in which the companson of 
xylose and sucrose was made, 21 7 mgm per kgm were apparently 
inadequate to produce complete glycuresis, but the variations in the 
glucose xylose ratio after larger doses roust be considered to be within 
the experimental error Again we pushed on to large doses to see if 
any one of the three sugars might be preferentially affected, but we find 
no evidence that such is the case If xylose or sucrose were reabsorbed 
by the renal tubules, it might be imagined that a small dose of phlonzin 
would bnng the glucose clearance up to the xylose clearance, while 
larger doses would raise the former definitely above the latter To the 
contrary, it would seem that once the reabsorption of glucose is com- 
pletely blocked, the simultaneous glucose, xylose and sucrose clearances 
remain identical within the experimental error, regardless of the quantity 
of phlorizin administered In view of this fact, and in view of the 
further facts that the xylose clearance is not raised significantly in respect 
to the urea clearance, nor m respect to its own control level,' by the 

' The single excepDon to this statement occurred in T S , who received the 
smallest dose of phlonzin given 
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administration of phlorizin, we conclude that in man, as m the dog, the 
xylose (or sucrose) clearance is a measure of glomerular filtration (c/ 
Jolliffe, Shannon and Smith, 1932) 

Since, by the above interpretation, “complete phlorizination ” con- 
sists of a change in renal activity whereby all the glucose filtered at the 
glomeruli is allowed to pass into the urine, and since the term “complete 
phlorizination ” is open to several objections, we prefer to designate this 
condition as “complete glycuresis,” m line with the use of this term as 
suggested by Benedict, Osterberg and Neuwirth (1918) to designate the 
increased rate of excretion of glucose, rather than the mere presence of 
this substance, in the urine Thus, we are able to speak of complete 
glycuresis, transient glycuresis and recovery from glycuresis, a more 
flexible usage than is possible with the older term 

The fact that the urea clearance is consistently lower than the xylose 
clearance is unmterpretable at the present time The urea xylose ratios 
observed throughout this work confirm in general the observation of 
Jolliffe and Chasis (1933) and Keith, Power and Peterson (urea sucrose, 
1933) on man, and our own observations on the dog 

With regard to the effect of phlonzin on the creatinine clearance in 
man it will be noted that the administration of the drug resulted m a 
drop in the creatinine xylose ratio only in subjects T S and N 0 
Since equally large vanations m this ratio have been observed during the 
course of single experiments m man (unpublished details of Jolliffe and 
Chasis, 1933), we cannot attach particular significance to this result, 
and we conclude that larger doses of phlorizin are required to reduce the 
creatinine clearance to the level of the xylose clearance (i e to depress 
completely the tubular secretion of creatinine) than are required to 
produce complete glycuresis It would be of interest to know if com- 
plete depression of creatinine secretion could be obtained in man as in 
the dog, but we decided that the question did not justify the administra- 
tion of intravenous doses larger than those we have given 

In conclusion, it may be noted that the glycuresis induced in man by 
phlorizin is transient, as is the case in the dog All our subjects were 
tested for glycosuria at intervals following the formal observations, and 
found to be essentially sugar-free within 24 hours 

SUMMARY 

The minimum intravenous dose of phlorizin required in man to 
produce complete phlorizination (i e , to raise the glucose clearance to 
xylose clearance) was found to be m the neighborhood of 10 to 20 mgm 
per kgm 

Sixty-five mgm per kgm did not raise the glucose clearance above the 
xylose clearance, and 59 4 mgm per kgm did not cause deviation 
between the xylose and sucrose clearances Neither did the phlonzm 



1089 


H CBASIS, N JOLUFFE AND H W SMITH 

cause a significant nse in the xylose clearance as compared to control 
penods taken just before the administration of the drug 

In the largest dose which we have given (65 0 mgm per kgm ) the 
drug exerted no significant depressive action on the ratio of creatinine 
xylose clearance 
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AMINO NITROGEN CHANGES OF THE BLOOD 
IN NEPHRITIS 


By ESBEN kirk 
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Amino mtrogen and peptide nitrogen content of the blood in nephritic 
patients have been frequently determined since the introduction of suit- 
able micro methods Gasometnc determinations of amino nitrogen and 
peptide nitrogen of plasma and red blood cells separately have, however, 
not yet been done 

That colonmetnc analyses of the same blood samples give lower 
results for ammo aad nitrogen than the gasometnc method or the 
formaldehyde titration, and that colonmetnc recovery of amino aads 
added to blood is incomplete, have been reported by Van Slyke and 
Kirk (18) The use of different analytical methods may accordingly 
explain the conflicting results reported in the literature Thus most 
observers using the colonmetnc method of Fohn (Berglund (2), Greene, 
Sandiford and Ross (6), Schmidt (16), Witts (20), Feinblatt and Shapiro 
(S)) found no deviation from the normal in senes of patients with 
nephritis, including several cases of uremia Slightly or moderately 
increased values of amino nitrogen in uremia were reported with the 
colonmetnc method by Wowsi and Gelbird (21), and by Looney (11) 
in an individual case of mercunc chlonde poisoning shortly before death 
Extensive studies have been made in recent years in Volhard’s clinic by 
Becher and Herrmann (1) with a modification of Folin’s colonmetnc 
technique , increase of free ammo nitrogen of whole blood was frequently 
observed m patients with severe impairment of the kidney function 
Only m a single case, however, did the method used indicate values 
exceeding 10 milligrams per cent 

Most of the work done with the gasometnc method is of earlier date 
Using vanous protein preapitants Bock (3), Okada and Hayashi (14), 
and Desqueyroux (4), all found increased ammo mtrogen of the blood 
m cases of advanced nephntis In nephntic toxemias of pregnancy, on 
the other hand, Losee and Van Slyke (12), and Morse (13) observed no 
marked deviation from the normal 

Quantitative determination of peptide nitrogen of blood was first 
made with exact methods by Hiller and Van Slyke m 1922 (7) by gaso- 
metnc determination of blood filtrates before and after hydrolysis with 
hydrochlonc aad A similar procedure of aad hydrolysis has been 
used by different authors in studies of the peptide nitrogen in nephntis, 
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but in most cases other methods were substituted for the gasometnc to 
determine the ammo nitrogen before and after hydrolysis When com- 
paring results both the method of ammo nitrogen determination and the 
protein precipitant used should be considered Hulse and Strauss (9), 
using the formaldehyde titration method of Sorensen, and Hulse and 
Franke (8), using the gasometnc method, observed high values for 
peptide nitrogen m nephritic patients with hypertension Jackson, Sher- 
wood and Moore (10), Becher and Herrmann (1), and Schlossmann (15), 
using the colorimetric method, were, however, unable to find any relation 
between the blood pressure and the content of peptide nitrogen m the 
blood m nephritis A definite increase m peptide nitrogen was frequently 
seen by Becher and Herrmann (1) m cases of severe renal insufficiency, 
the peptide nitrogen even occasionally exceeding the concentration of 
free ammo nitrogen, increase of peptide nitrogen with normal amino 
nitrogen values was sometimes observed 

METHODS 

For separate analyses of cells and plasma, oxalated blood was centrifuged 
till constant volume of the red blood cells was obtained, plasma was then 
syphoned off and the intermediate layer of plasma and cells discarded 
Samples of red blood cells were measured with a calibrated pipette “to con- 
tain " 

Urea was transformed into ammonia by addition of a urease solution and 
phosphate buffer as described by Van Slyke (17) The proteins of plasma or 
whole blood were then precipitated by the Folin-Wu method To plasma or 
whole blood one volume of 10 per cent sodium tungstate and one volume of 
2/3 N sulfuric acid were added, and the mixture was diluted with water to 10 
times the original volume of the sample For precipitation of the proteins 
of the red blood corpuscles two volumes of 10 per cent sodium tungstate and 
two volumes of 2/3 N sulfuric acid were used for each volume of cells, but 
the sample was finally, as in precipitation of plasma and whole blood, made 
up to 10 times its original volume with water Five cc of filtrate, therefore, 
represented 0 S cc of plasma, red blood corpuscles or whole blood Usually, 
however, the filtrate from the red blood corpuscles was again diluted with two 
volumes of distilled water to obtain sufficient material for analysis Because 
of the high amino nitrogen content of the red blood cells the dilution did not 
diminish the amino nitrogen readings enough to interfere with accuracy 

The ammonia of the filtrates, formed by the splitting of the urea with 
urease, was removed by boiling with milk of magnesia and ammo nitrogen 
afterwards determined by the manometric method of Van Slyke (17) 

For determination of peptide nitrogen the urea-and-ammonia-free filtrates 
were heated on a water bath for 24 hours with equal volumes of concentrated 
hydrochloric acid After evaporation of the acid in an open dish each residue 
was neutralized with a few drops of a saturated solution of sodium acetate and 
finally made up to volume (7) It was found unnecessary to subject the 
hydrolyzed samples again to boiling with milk of magnesia before the amino 
acid determination, as identical results were obtained with and without such 
treatment 

For blank analyses a urease solution was prepared, and precipitated, and 



ESBEN KIBK 


1093 


the filtrate was diluted as described by Van Slyke 0.1 p 442), or Peters and 
Van Slyke (22) The ammo mtrogen content of the filtrate was determined 
before Ld after hydrolysis, to obtain the c correcUon Separate blanks were 
determined for analyses of plasma and red blood corpuscles 


The normal magnitude and constancy of results obtained with the 
above procedure is illustrated by Table I It gives the results from two 
samples of the same blood which were centrifuged and analysed sepa- 
rately The sample of plasma filtrate represented 0 5 cc of plasma, the 
sample of filtrate of red blood cells 0 167 cc of corpuscles 


TABLB 1 

Shovnng reproductbthty of me^tsuromenls 

MUlIgrtms per cent amino nitrogen 



I 

II 

Plasma unhydrolyzed 

4 10 

4 07 

Plasma hydrolyzed 

4 10 

4 03 

R B C unhydrolyzed 

12 85 

12 91 

R B C , hydrolyzed 

18 89 

18 03 


Studies of amino nitrogen and peptide nitrogen of the blood were 
made m seven uremic patients (See Tables 11 and III ) 


TABLE n 


Amtno mirage tn whole blood durtng development of uremtc coma 
Case No 1, M J Hospital No 785$ 



Amino nitrogen per 1 


1 




100 cc 


Whole blood 
nooprotem 

tVbole blood 
urea nitrogen 
per 100 cc 

Urea dearancc 

Condition 


1 

PUama 

B 

Whole 

blood 

1 mtrosenpes 
100 cc 

19Si 

rufm 


Tn*m 

TOgTO 


per cent of 
tnean normal 


September 27 



18 0 

148 

118 


Uremia 

September 28 
October 13 



13 7 

1 

150 

119 

6 

Uremia 

10 00 A M l 



12 3 , 

171 

191 


Uremial 

9 30 P M J 



214 , 

189 

141 


Coma J 

October 29 

28 8 

36 7 

1 




Coma 


CLINICAL NOTES ON UREAHC CASES ^ 

Case No i Hospital No 7855 M J , female, 33 years As a child had 

'The nomenclature followed here for the different types and stages of 
Bright s disease is in general that used by Van Slyke StiUman et al (19) 
In addition, to distinguish the different conditions near and m coma, the 
following terms are used 

Terminal stage vnth nitrogen retention Nitrogen retention without clinical 
symptoms 

Uremia Nitrogen retention with ciimcal symptoms, such as nausea and 
vomiting but with normal consciousness 

Semt-comatose condition Consaousness greatly influenced, but' patient 
still responds 

Coma Patient unconsaous and does not respond 
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hemorrhagic Bright’s disease following tonsillitis Alter several years of 
active symptoms the patient went mto a latent stage, but the renal lesion 
became active again during a pregnancy, necessitating abortion In the 
following period of ten years exhibited hypertension and proteinuria Two 
weeks before admission vomiting, edema of feet and dyspnea developed On 
admission (September 25 1931) was m uremia 

Case No 3 Hospital No 8166 E H , female, 21 years Two years 
before admission had hematuria and hypertension Visual disturbances, 
edema of ankles, vomiting and diarrhea had been present m the last weeks 
On admission (May 28, 1932) was in uremia 

Case No S Hospital No 8080 J D , male, 30 years Ten months 
before admission developed tonsillitis proteinuria and hypertension, followed 
by edema and ascites In the last days had had severe nose bleedings On 
admission (June 28, 1932) was in uremia 

Cose No J, Hospital No 7884 E B , male 29 years Nine years before 
admission had had respiratory infection with hematuria Recovered into a 
latent stage with proteinuna as only symptom In the last six months had 
had hypertension and severe headache The patient was observed for several 
months during the chronic active stage and during the last weeks of terminal 
uremia 

Cose No 6 Hospital No 6473 M W , male, IS years Three and a 
half years before admission developed generalized edema with proteinuria and 
reduced kidney function following an attack of upper respiratory infection 
In the following period gave evidence of activity in the kidney lesion (micro 
scopic hematuria) Immediately before admission (December 3, 1931) suffered 
from abnormal sleepiness and attacks of convulsions 

Cose No 6 Hospital No 7872 M R , female, 19 years Four months 
before first admission had edema of the legs On admission (October 21, 1931) 
macroscopic hematuria hypertension and reduced kidney function were 
present In the following 18 months the nephritis progressed through the 
chrome active to the terminal stage Two weeks before last admission (May 4, 
1933) reduction of vision and occasional cardiac decompensation were noted 
Death occurred on June 15 1933, after two days of a semicomatose condition 
Case No 7 Hospital No 8342 M C male 19 years Four years 
before admission developed proteinuria (and hematuria ?) following mastoiditis 
Went into a latent stage of hemorrhagic Bright s disease Three weeks before 
admission had had inflammation of the mandibular region caused by hemolytic 
streptococci In relation to this infection there occurred acute exacerbation of 
the nephntis with oliguria, gross nitrogen retention and vomiting On ad 
mission (November 25, 1932) was in acute uremia, markedly dehydrated 
During the first days in the hospital was at intervals extremely drowsy, but 
not comatose 

Following treatment of the dehydration the patient made a quick recovery 
to an excellent general condition The activity of the renal lesion persisted 
however, and the kidney function never exceeded 10 per cent of the average 
normal urea clearance 

Ammo nitrogen determinations of plasma were made daily for a penod of 
about three months The data are presented in Figure 1 The highest value, 
38 7 mgm of ammo nitrogen per 100 cc of plasma, was observed on November 
29, 1932 at a time when the patient was verv drowsy 



TABLE IV 

Annno mtrogen and pepltde ntlrogen content of blood of normal tndmdmls and non-iiremtc nephrthc patients 
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Fig 1 Amino Nitrogen Content of Blood Plasma During and After 
Recovery from Acute Uremia 

SUMMARY OF RESULTS 

In cases of chronic and acute nephritis with more than 40 per cent 
of normal urea clearance the plasma amino nitrogen content, determined 
gasometncally, was found normal, 4 to 6 5 mgm per 100 cc 

In more advanced cases, but without uremic symptoms, the plasma 
ammo nitrogen was sometimes normal and sometimes increased to 8 to 
10 mgm per 100 cc 

In the pre-coma stage, the plasma amino nitrogen was variable, and 
might change in 24 hours from practically normal to over 20 mgm per 
100 cc 

In uremic coma, the plasma ammo nitrogen was found uniformly 
high, from 2 to 7-fold normal 

The ammo nitrogen fluctuations m the plasma were more marked 
than in the cells, and more regularly related to the condition of the 
patients Significant variations in the plasma peptide nitrogen were not 
observed 

CONCLUSIONS 

Elevation of plasma amino nitrogen tends to be more frequent as 
renal disease becomes more advanced The correlation between fall m 




ESBEN KIRK 


1101 


renal function and nse in plasma ammo nitrogen is irregular, however, 
in some cases the renal clearance approaches the coma level (about 5 per 
cent of normal clearance) before nse m plasma ammo nitrogen occurs 
It appears probable, therefore, that the nse m ammo acid content is not 
directly due to renal failure, but to a breakdoivn m the mechanism for 
metabolism of the ammo acids occurring elsewhere as part of the general 
debacle 
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In connection with investigations to be reported subsequently the 
osmotic pressure of colloids and the albumin and total protein concen- 
trations of 128 samples of human blood serum were determined From 
these data, tvhich cover a wide range of values, an empirical formula 
has been evolved which, it is believed, will enable the osmotic pressure 
to be more accurately estimated from the protein analyses of human 
sera than is the case with formulae now employed for this purpose (1, 2) 
A nomogram has been constructed to facilitate such computations The 
simple, definitely linear relation found to eiast betiveen the albumin 
concentration and the specific osmotic pressure would indicate that the 
albumin globulin ratio is not as reliable an index of the osmotic prop 
erties of serum as is at present often assumed 

It may justly be contended — at least on theoretical grounds — that 
the accuracy of most of the colloid osmotic pressure measurements 
previously earned out on human blood sera is open to senous question, 
either for the reason that the authors have failed to recognize the funda- 
mental catena of equihbnum upon which any good physical chemist 
would insist (3) or because of the failure to describe the methods em- 
ployed in sufficient detail to enable one to judge as to whether such 
catena have actually been fulfilled 

In a recent communication (4) it was emphasized that, for the 
accurate determination of the osmotic pressure of colloids, it is essential 
to observe certain ngid catena of an osmotic equilibrium Procedures 
were desenbed by which these catena of accuracy might be fulfilled, 
and a detailed descnption of the apparatus and methods has recently 
been published (5) By a strict adherence to such standards it has 
been possible, dunng the present investigation, to obtain from duplicate 
determinations on each serum pressure values which, in 95 per cent of 
the cases, do not differ by more than 12 mm of uater No pressure 
reading has been considered to be accurate unless it has been possible 
to maintain the volume of the serum at a constant value, at this pressure 
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and at constant temperature, for a period of at least two hours — a period 
of observation sufficient, according to our tests, to insure the attainment 
of a definite equilibrium when the membranes are of the standard selected 
permeability Consequently, it is believed that our figures actually refer 
to equilibrium pressures The fact that the standard per cent deviation 
of the calculated from the observed values of the osmotic pressure is 
only ± 5 per cent leads us to believe, furthermore, that for routine 
clinical purposes, the method of calculation, which avoids the many 
difficulties inherent in the usual methods of direct determination, will 
provide a sufficiently reliable index of the water-retaining power of the 
serum Such a conclusion is, however, to be considered as subject to the 
same qualifications as apply to all cases of indirect measurements, as for 
example, the estimation of the basal metabolic rate from the oxygen 
consumption The possibilities of error in the use of the calculated 
figures will be discussed in later paragraphs 

METHODS 

Protein analyses were earned out in duplicate by the macro-Kjeldahl 
method on samples drawn under oil without stasis Globulin was sepa- 
rated by precipitation at 38^“ C with 22 5 per cent sodium sulphate 
according to the method of Howe (6) Nonprotein nitrogen was esti- 
mated by the micro-Kjeldahl-Nesslenzation method, on oxalated plasma 
The usual factor, 6 25, was used to convert protein nitrogen values to 
protein concentrations 

The osmotic pressure determinations were earned out in a constant 
temperature room at 20° to 22° C Duplicate determinations were done 
in all but four instances The collodion membranes used were stand- 
ardized to a specific permeability (4) range of 20 X 10“® to 40 X 10~® 
Equilibrium was usually attained in 1 to 3 hours, but a somewhat longer 
time was occasionally required The details of the method and the 
criteria of osmotic equilibnum have been described elsewhere (4, 5) Oc- 
casional lapses of the vigilant attention to detail which is necessary for 
success in carrying out such determinations invanably led to gross errors 
which necessitated discarding the results On the other hand, all data 
have been included for which definite evidence of gross errors of technic 
was lacking, regardless of the degree of vanation between the duplicate 
determinations 

DATA 

The blood samples were taken from 53 individuals, from 1 to 10 
determinations being earned out on each person, often over periods of 
several months Of these 53 persons 14 were laboratory workers, stu- 
dents, and other volunteers, all apparently in good health, 20 presented, 
at one time or another, and to various degrees, evidences of nutntional 
edema, 12 had heart disease, and 1 each suffered from the following 
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pathological conditions multiple yanthomatosis, chronic diarrhea, aplas 
tic anemia, pellagra with chronic colitis, Banti’s disease, nephrosis, 
syphilitic cirrhosis of the liver 

The data are presented in Table 1, arranged in order of increasing 
albumin concentrations The 10 lowest albumin, total protein and 
osmotic pressure figures were obtained from a single individual, over a 
penod of 5 months during the gradual decline associated with an ad- 
vanced nephrosis The 13 highest values were obtained from blood which 
had been concentrated by causing the subjects to stand in the erect 
posture for one hour or longer, in connection with experiments which 
are to be desenbed elsewhere The extreme range of the values en- 
countered may be indicated by the following figures albumin, per cent, 
0 89 to 6 62, globulin, 1 66 to 6 48, total protein, 2 99 to 9 64, albumin 
globulin ratio, 0 42 to 2 80, osmotic pressure of colloids, 76 to 583 mm 
water, and specific osmotic pressure, 25 4 to 59 2 mm water The 
figures for the albumin concentrations probably furnish the best index 
as to the distribution of the values There were 10 albumin values below 
2 5, 13 between 2 5 and 3 5, 50 between 3 51 and 4 5, 48 between 4 51 
and 5 S , and 7 above 5 5 

ANALYSIS OF THE DATA 

The speafic osmotic pressure, S, was calculated for each case by 
dividing the value of the total osmotic pressure, P, measured in mm of 
water, by the concentration of total proteins, C, measured in grams per 
100 cc Values for the specific pressures were plotted on a three- 
dimensional graph against the corresponding values of the albunun 
and of the globulin concentrations This was done by driving wires, 
sharpened at one end, into the drawing board on which the axes of 
albumin and globulin concentrations (A and G) were laid off on cross 
section paper Each value of S was thus represented by the height of 
a wire and the point through which the wire was dnven represented the 
corresponding A and G values The surface produced by the tips of 
the wires was seen to be fairly regular, but contrary to our earlier expec- 
tations It did not show any obvious relation between the specific osmotic 
pressure and the globulin concentration or A/G ratio The formula of 
Govaerts (1) implies the assumption that the specific pressure is deter- 
mined pnmanly by the A/G ratio According to his concept the value 
of S will fall with increasing values of G for sera having a constant value 
of A Govaerts also assumes that the total protein concentration, C, 
IS without effect on the value of S in the case of sera which have the same 
A/G ratio In our senes there is an obvious and regular relation between 
C and S and it was apparent from inspection of the wnre model, that the 
increasing values of S, as C increased, were due entirely to the increase 
in A The relation between the specific pressure and the albumin was 
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TABLE I 


Data arranged %n ascendtttg order of albumin concentrations 


Case 

number 

Albumin 

Specific 

pressure 

observed 

Specific 

pressure 

calcu- 

lated 

Total 

protein 

Osmotic 

pressure 

observed 

Osmotic 

pressure 

calcu- 

lated 

Varia- 
tion of 
calcu- 
lated 
from 
observed 
pressure 

Maxi- 
mum ex- 
pcnmen- 
tal error 

Unex- 

plained 

vari- 

ations 


grams 

mm 

mm 

grams 

mm 

mm 

mm 

mm 

mm 


100 cc 

mo 

mo 

too cc 

ffiO 

BtO 

mo 

EiO 

mo 

37 

0 89 

25 4 

26 7 

2 99 

76 

80 

+ 4 

±21 


37 

1 25 

30 9 

28 8 

3 10 

96 

89 

- 7 

±22 


37 

1 46 

29 3 

30 0 

3 35 

98 

101 

+ 3 

±22 


37 

1 75 

30 1 

31 7 

3 56 

107 

113 

+ 6 

±23 


37 

1 93 

31 2 

32 8 

3 59 

112 

118 

+ 6 

±23 


37 

1 93 

30 4 

32 8 

3 71 

113 

122 

+ 9 

±23 


37 

1 94 

31 3 

32 8 

3 89 

122 

128 

+ 6 

±23 


37 

2 28 

38 6 

34 9 

4 09 

158 

143 

-15 

±24 


37 

2 41 

34 6 

35 6 

4 16 

144 

148 

+ 4 

±24 


37 

2 44 

32 2 

35 8 

4 28 

138 

153 

+ 15 

±24 


35 

2 57 

34 1 

36 6 

4 36 

149 

159 

+ 10 

±25 


26 

2 67 

39 5 

37 2 

5 92 

234 

220 

-14 

±27 


20 

2 80 

43 6 

37 9 

5 92 

258 

224 

-34 

±27 

- 7 

36 

2 87 

41 5 

38 3 

9 35 

388 

358 

-30 

±31 


49 

3 11 

40 9 

39 7 

4 88 

199 

194 

- 5 

±26 


47 

3 19 

39 7 

40 2 

5 74 

228 

231 

+ 3 

±27 


47 

3 19 

41 0 

40 2 

5 68 

233 

228 

- 5 

±27 


47 

3 20 

39 0 

40 3 

5 84 

228 

235 

+ 7 

±27 


49 

3 30 

43 4 

40 9 

4 98 

216 

204 

-12 

±26 


49 

3 30 

39 6 

40 9 

5 10 

202 

208 

+ 6 

±26 


47 

3 34 

40 8 

41 1 

5 64 

230 

232 

+ 2 

±27 


49 

3 46 

39 8 

41 8 

5 18 

206 

217 

+ 11 

±27 


32 

3 49 

42 7 

42 0 

7 61 

325 

320 

- 5 

±30 


49 

3 52 

47 6 

42 2 

5 15 

245 

217 

-28 

±27 

- 1 

31 

3 60 

43 4 

42 6 

6 38 

277 

272 

- 5 

±28 


49 

3 61 

45 7 

42 7 

6 10 

279 

260 

-19 

±28 


31 

3 62 

43 7 

42 8 

6 58 

288 

281 

- 7 

±28 


47 

3 67 

36 3 

43 1 

6 71 

244 

289 

+45 

±29 

+16 

31 

3 67 

37 5 

43 1 

6 33 

237 

273 

+36 

±28 

"f* 8 

23 

3 70 

413 

43 2 

6 27 

259 

271 

+ 12 

±28 


49 

3 70 

42 1 

43 2 

5 25 

221 

227 

+ 6 

±27 


38 

3 73 

44 6 

43 4 

7 15 

319 

310 

- 9 

±29 


32 

3 73 

46 3 

43 4 

8 09 

375 

351 

-24 

±31 


32 

3 80 

42 6 

43 8 

7 44 

317 

326 

+ 9 

±30 


52 

3 82 

43 0 

43 9 

6 45 

277 

283 

+ 6 

±29 


23 

3 83 

46 4 

44 0 

6 66 

309 

293 

-16 

±29 


33 

3 94 

43 3 

44 6 

6 50 

281 

290 

+ 9 

±29 


42 

3 98 

45 9 

44 9 

6 99 

321 

314 

- 7 

±29 


48 

4 01 

44 9 

45 1 

6 82 

306 

307 

+ 1 

±29 


22 

4 03 

45 0 

45 2 

6 71 

302 

303 

+ 1 

±29 


38 

4 04 

43 8 

45 2 

6 98 

306 

316 

+ 10 

±30 


23 

4 04 

45 7 

45 2 

7 12 

325 

322 

- 3 

±30 


10 

4 05 

47 6 

45 3 

6 49 

309 

294 

-15 

±29 


10 

4 10 

49 1 

45 6 

6 38 

313 

291 

-22 

±29 
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Case 

number 

Albumin. 

Specific 

pressure 

observed 

Specific 

pressure 

calcu 

lated 

Total 

protein 

Osmotic 

pressure 

obsersed 

Osmotic 

pressure 

calcu 

lated 

Varla 
tion of 
calcu 
lated 
from 
observed 
pressure 

Maxi 
mum ex 
perlmen 
tal error 

Unex 

plained 

van 

atlons 


grams 



grams 



niru 

mm 

mm 


100 cc. 

EsO 

EiO 

100 cc 

HiO 

HiO 

EiO 

ErO 

HiO 

7 

4 11 

44 2 

45 6 

7 95 

352 

363 

+11 

±31 


12 

4 13 

47 1 

45 8 

6 33 

298 

290 

- 8 

±29 


16 

4 14 

44 1 

45 8 

7 01 

309 

321 

+ 12 

±30 


33 

4 16 

44 3 

45 9 

6 77 

300 

311 

+11 

±29 


23 

4 19 

44 2 

46 1 

6 92 

306 

319 

+ 13 

±30 


4 

4 22 

46 4 

46 3 

7 06 

328 

327 

- 1 

±30 


31 

4 22 

49 2 

46 3 

7 54 

371 

349 

-22 

±30 


17 

4 23 

45 8 

46 4 

7 08 

324 

328 

+ 4 

±30 


17 

4 25 

49 4 

46 5 

6 82 

337 

317 

-20 

±30 


17 

4 27 

47 7 

46 6 

6 67 

318 

311 

- 7 

±29 


28 

4 27 

48 6 

46 6 

5 99 

291 

279 

-12 

±29 


24 

4 30 

49 1 

46 8 

6 49 

319 

304 

-IS 

±29 


3 

4 33 

47 2 

46 9 

6 65 

314 

312 

- 2 

±29 



433 

45 5 

46 9 

8 18 

372 

384 

+ 12 

±31 


3 

4 36 

48 7 

47 1 

6 47 

315 

305 

-10 

±29 


29 

4 37 

48 0 

47 2 

7 06 

339 

333 

- 6 

±30 


6 

4 38 

45 4 

47 2 

7 11 

323 

336 

+13 

±30 


25 

4 39 

45 0 

473 

7 25 

326 

343 

+17 

±30 


4 

4 39 

48 0 

47 3 

711 

341 

336 

- 5 

±30 


17 

4 40 

47 7 

47 4 

664 

316 

314 

- 2 

±30 



4 41 

47 3 

47 4 

7 06 

334 

335 

+ 1 

±30 



4 42 

46 4 

47 5 

6 70 

311 

318 

+ 7 

±30 



4 42 

47 2 

47 5 

6 80 

321 

323 

+ 2 

±30 



4 43 

42 8 

47 5 

6 48 

277 

308 

+31 

±29 

+ 2 

30 

4 44 

47 0 

47 6 

7 10 

334 

338 

+ 4 

±29 


15 

4 46 

49 8 

47 7 

6 26 

312 

299 

-13 

±29 


44 

4 46 

48 4 

47 7 

6 92 

335 

330 


±30 


43 

4 48 

51 2 

47 8 

664 

340 

318 


±30 


9 

4 49 

48 9 

47 9 

6 99 

342 

335 


±30 


29 

4 50 

45 7 

48 0 

7 10 

325 

340 


±30 


8 

430 

510 

48 0 

7 12 

363 

341 


±30 


24 

4 52 

46 3 

48 1 

6 78 

314 

326 

+12 

±30 


29 

4 52 

44 9 

48 1 

7 07 

317 

340 

+23 

±30 


5 

4 52 

49 8 

48 1 

6^3 

315 

304 

-11 

±29 


17 

4 53 

47 2 

48 1 

7 44 

351 

358 

+ 7 

±31 


3 

4 54 

48 3 

48 2 

6 63 

320 

319 

- 1 

±30 


51 

4 55 

52 8 

48 2 

6 35 

335 

306 

-29 

±29 


21 

4 57 

49 2 

48 4 

6 69 

329 

324 

- 5 

±30 


8 

4 59 

46 8 

48 5 

6 72 

314 

326 

+12 

±30 


30 

4 59 

49 6 

48 5 

6 86 

340 

333 

- 7 

±30 


30 

4 60 

48 8 

483 

7 27 

355 

353 

- 2 

±31 


30 

4 62 

44 8 

48 7 

7 12 

319 

346 

+27 

±30 


39 

4 62 

48 6 

48 7 

6 85 

333 

333 

0 

±30 


8 

4 62 

48 2 

48 7 

6 91 

333 

336 

+ 3 

±30 


IS 

4 63 

51 2 

48 7 

6 53 

334 

318 

-16 

±30 


41 

464 

51 5 

48 8 

6 87 

354 

335 

-19 

±30 
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TABLE I {continueA) 


Case 

number 

Albumin 

1 

Specific 

pressure 

observed 

Specific 

pressure 

calcu- 

lated 

Total 

protein 

Osmotic 

pressure 

observed 

Osmotic 

pressure 

calcu 

lated 

Vana- 
tion of 
calcu- 
lated 
from 
observed 
pressure 

Maxi- 
mum ex 
penmen 
tal error 

Unex- 

plained 

vari- 

ations 


grams \ 

mm 

1 

mm 

grams 

mm 

mm 

mm 

mm 

mm 


100 cc 

mo 

mo 

100 cc 

mo 

mo 

mo 

mo 

mo 

6 

4 68 

47 6 

49 0 

6 74 

321 

330 

+ 9 

±30 


24 

4 68 

516 

49 0 I 

7 02 

362 

344 

-18 

±30 


18 

4 69 

50 5 

49 1 1 

7 92 

400 

389 

-11 

±31 


24 

4 72 

48 9 

49 2 

7 12 

348 

351 

+ 3 

±31 


34 

4 72 

50 5 

49 2 

6 87 

347 

338 

- 9 

±30 


46 

4 77 

50 3 

49 5 

7 51 

378 

312 

- 6 

±31 


11 

4 77 

50 0 

49 5 

7 13 

357 

353 

- 4 

±31 


24 

4 78 

53 3 

49 6 1 

6 64 

354 1 

329 

-25 

±30 


13 

4 78 

50 4 

49 6 

6 91 

348 

343 

- 5 

±30 


19 

4 78 

49 1 

49 6 

7 03 

345 

349 

+ 4 

±31 


53 

4 79 

51 9 

49 7 

7 14 

371 

355 

-16 

±31 


27 

4 81 

51 4 

49 8 

7 02 

361 

349 

-12 

±31 


12 

4 84 

51 4 

50 0 

7 SO 

385 

375 

-10 

it31 


15 

4 90 

49 3 

50 3 

6 78 

334 

341 

+ 7 

±30 


14 

4 91 

48 5 

50 4 

7 58 

368 

382 

+ 14 

±31 


24 

4 91 

49 2 

50 4 

, 6 95 

342 

350 

1 + 8 

±31 


24 

4 92 

49 1 

50 4 

! 7 07 

348 

357 

+ 9 

±31 


8 

4 92 

55 7 

50 4 

7 95 

443 

401 

-42 

±32 

-10 

45 

5 01 

51 2 

51 0 

6 86 

351 

350 

- 1 

±31 


12 

5 02 

49 0 

51 0 

7 70 

377 

393 

+ 16 

±32 


40 

5 03 

51 6 

51 1 

7 03 

i 363 

359 

- 4 

±31 


1 

5 06 

52 3 

51 3 

6 86 

359 

352 

- 7 

±31 


21 

5 16 

53 0 

51 8 

7 55 

400 

391 

- 9 

±32 


29 

5 18 

53 6 

52 0 

8 26 

443 

429 

-14 

±32 


4 

5 22 

49 8 

52 2 

7 72 

384 

403 

+ 19 

±32 


34 

5 32 

54 0 

52 8 

7 96 

430 

420 


±32 


19 

5 36 

57 9 

53 0 

7 72 

447 

409 

-38 

±32 


13 

5 44 

52 2 

53 5 

8 07 

421 

432 

+ 11 

±33 


3 

5 45 

55 2 

53 6 

7 92 

437 

424 

-13 

±32 


53 

5 48 

54 2 

53 7 

7 82 

424 

420 

- 4 

±32 


17 

5 49 

54 6 

S3 8 

8 54 

467 

459 

- 8 

±33 


24 

5 55 

52 1 

54 1 

8 11 

423 

439 

+ 16 

±33 


19 

5 60 

54 8 

54 4 

8 30 

455 

452 

- 3 

±33 


21 

5 93 

56 2 

56 4 

8 66 

487 

488 

+ 1 

±34 


13 

5 94 

49 6 

56 4 

8 70 

432 

491 

+59 

±34 

+25 

53 

6 08 

57 4 

57 3 

9 05 

519 

518 

- 1 

±34 


15 

6 14 

56 9 

57 6 

8 68 

494 

500 

+ 6 

±34 


34 

1 

6 62 

59 2 

60 5 

9 64 

571 

583 

+ 12 

±36 



seen to be quite definitely linear, this fact being indicated clearly by the 
general appearance of the surface produced by the tips of the wires, 
which lay, in general, in a plane which was parallel to the G-axis and 
inclined to the A-axis These characteristics of the relationships are 
brought out in Figure 1, which shows the total lack of correlation between 
S and G and in Figure 2, which shows the high degree of correlation 
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TABLE II 

Tahulalton of errors of calculotton and experimental errors 



1 Albumin 

Total 

1 protein 

Speafic 

osmotic 

pressure 

Total 

osmotic 

pressure 

Variations of calculated from observed values 




1 

Absolute variations 




1 




mm EtO 

mm EtO 

Standard error 



±2 23 


Average variation 



± 174 

±11 56 

Maximum variations | 



+ 68 

+59 0 




- 57 

-42 0 

Per cent variations 

! 




j 



Per cent 

per cent 

Standard deviation 



±5 05 

±5 05 

Average per cent variation ! 



±3 87 

±3 89 

Maximum per cent \anations 



+ 18 7 

+ 184 



1 

-13 1 

-13 2 

Experimental errors 






frams ter ' 

iramf per 


mm HtO 


100 u 

100 cc . 



Differences in values of duplicate deter 





mmations 





Average difference 

0 08 

0 09 


5 1 

Maximum differences 

0 39 

0 66 


19 0 


60 , 
lii 

b I 

1 60 | 

2 
2 

^ 40 | 

15 
10 


£ 301 


20 


5 ^31 

GJ 
(L 
V) 




XAUBUMIN above 441 
• ALBUMIN below 4 40 


\ 


2 3 4 

GLOBULIN PER CENT 

nr ^ ^ complete lack o( correlaUon between specific osmotic 

pr^sure and gtobufin concentration Higher values of S correspond to high 
values of A, only and lower vmlnes of S correspond to lower values of A 
only regardless of values of G lower values oi r\, 


Fig 
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Fig 2 Showing the linear relation of specific osmotic pressure to albumin 
concentration, as a straight line, fitted by the method of least squares Cor- 
relation coefficient of S and A is 0 93 Standard error of calculation, indicated 
by dotted lines, is ± 2 2 mm 

between S and A The Pearson coefficient of correlation between S and 
A was found to be 0 93, which indicates a high degree of relationship 
between the variables The heavy line drawn through the points on 
the S-A graph is a straight line fitted to the data by the method of least 
squares The equation of this line, S = 5 9A-|-214is corrected by 
means of the dotted lines on either side for the “standard error” of the 
calculated as compared to the observed values The standard error 
being ±22 mm of water, it may be prophesied on grounds of probability 
that, in any other similar senes of measurements, the observed values of 
S will, in 68 per cent of the cases, fall within the range of values calculated 
from the formula S = 5 9A + 214±22 Similarly, if the correction 
be doubled (twice the standard error being ±4 4) the range will include 
95 per cent of observed values , while if the correction be trebled 99 7 per 
cent of cases should be included Actually, in our series the percentage 
of cases included by the corrections corresponding respectively to the 
standard error, to twice the standard error, and to three times the stand- 
ard error, are 72 6, 93, and 98 5 The frequency distribution of the errors 
is therefore quite according to the “normal distribution ” The average 
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Fig 3 Nomogram A straight line drawn through the proper points on 
the albumin and total protein scales will intersect the middle scale at the 
value of the total osmotic pressure calculated from the formula P = C(21 4 
+ 59 A) 

error of calculation of S was ± 1 74 mm and the masimum errors 
encountered were + 68 and — 5 7 mm 

The complete independence of the speafic osmotic pressure from any 
effect of varying concentrations of globulin is exemplified by the findings 
on a sample of serum from the patient (Case Number 36) who suffered 
from Banti's disease The albumin concentration was 2 87 per cent and 
the globulin concentration was 6 48 per cent, giving an A/G ratio of 0 44 
The observed speafic osmotic pressure was 41 5 mm of water, while the 
value of S calculated from the albumin concentration is 38 3 On the 
assumption that the globulin fraction of serum exerts, universally, a 
lower osmotic pressure, gram for gram, than the albumin fraction, one 
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should expect the value of S of a serum having such an unusually high 
globulin content to be lower than that calculated by our formula The 
fact that It was actually higher, by nearly 8 per cent, indicates clearly the 
unreliability of the A/G ratio as an index of the specific osmotic pressure, 
and confirms the idea that it is the albumin concentration which deter- 
mines the specific osmotic properties of the serum 

The total osmotic pressure, P, is calculated from the formula 
P = C(5 9A -f- 21 4) The nomogram, reproduced in Figure 3, may be 
used to facilitate the calculations The absolute error of the calculation 
of P IS equal to the error of S multiplied by the concentration of total 
protein, C The average error for our series was ±116 mm , the 
maximum errors being + 59 and — 42 mm It is the percentage error 
of calculation of the total osmotic pressure, however, which will be most 
significant in practice The percentage error will, in general, be the 
same for S as for P, and for our series the average per cent error is slightly 
less than ±3 9, the maximum errors being + 18 7 and — 13 2 per cent 
The standard deviation of the per cent errors about their mean (which 
IS — 0 1) IS ± 5 05, which signifies that 68 out of every 100 values of S 
or P, calculated by the given formulae, will correspond to the observed 
values within approximately ± 5 per cent, and similarly 99 7 out of 
every 100 calculated values should check the observed values within 
± 15 per cent Actually, errors lying within the ranges ± 5 per cent 
and ± 15 per cent occurred in 77 and 99 per cent of cases, respectively 
The per cent errors of calculation may therefore be considered as being 
“normally” distributed 

Sources of error 

The term "observed value,” as used m the last paragraph, refers, 
in each case, to the average of the two values obtained from duplicate 
osmotic pressure determinations However, m 4 instances, due to a 
scarcity of serum, only a single determination was run, but in only 1 of 
these cases was the variation between the observed and calculated values 
as great as 5 per cent The greatest vanation between the two values 
obtained from duplicate determinations was 19 mm The average vana- 
tion was 5 1 mm and 95 per cent of the cases showed vanations which 
were not greater than 12 mm In general there was no relation between 
the closeness of the check of the duplicate osmotic pressure determinations 
and the degree of variation of the observed mean pressure from the 
pressure calculated from the protein analyses 

The question naturally anses as to what extent the vanations of the 
calculated from the observed pressures may be accounted for on the basis 
of experimental errors and to what extent they must be considered as 
due to unknown factors We should like to be able to decide to what 
extent the osmotic pressure of colloids of serum is due to the protein 
concentrations as we have measured them and to what extent it is due 



H S WELLS, J B YOUMANS AND D G MILLER, JR 


1113 


to other factors that were not measured dunng these investigations 
The average vanation of calculated from observed values was ±115 mm 
while the average vanation of duplicate osmotic pressure determinations 
was only 5 1 mm , or ± 2 55 mm when related to the means of the pairs 
of values Unfortunately the vanation of duplicate determinations is 
not always a measure of the error of a method "Good checks,” while 
reassunng, do not exclude the possibility that systematic errors may 
have affected both values to the same extent and in the same direction 
Allowing for the possibility that systematic errors nere present of a 
type which could affect our pairs of observations now in one direction, 
now in another, at random, we should be fairly safe m assuming, arbi- 
tranly, that the “maximum expected error” will not be greater than 
± 12 mm , which is twice the variation from the mean of duplicate 
determinations in 95 per cent of our cases We can neglect the possi- 
bility that systematic errors may operate in one direction for the nhole 
senes of cases for they could not be responsible for vanations of observed 
values from values calculated by a formula based on the same senes of 
observations 

The error of the chemical analysis of the albumin and total protein 
concentrations will contnbute its share to the total error of the calculated 
value of the osmotic pressure In 93 per cent of the cases the vanations 
betiveen duplicate determinations of these quantities were not greater 
than 0 2 gram per 100 cc. Assuming that the maximum expected error 
IS ± 0 2 gram per 100 cc for albumin and also for total protein, the 
maximum, additive error of both analyses will be responsible for a 
possible error of from ± 10 to ± 20 mm in the calculation of the osmotic 
pressure By the method of differentials, where the pressure is calculated 
by the formula P = C(21 4 + 5 9A), the total error is the total differ- 
ential, dP Now, dP = 21 4dC + 5 9A dC + 5 9CdA Since dA and 
dC, the errors of the analyses, are both considered as ± 0 2, we have 
dP = ± [1 2(A + C) + 4 3] The maximum error of analysis was cal- 
culated in this way for each case, and the maximum expenmental error 
found by adding the maximum error of the osmotic pressure deterraina 
tion, which IS considered to be ± 12 mm The figures are given in the 
last column of Table I Even with so great an allowance for errors of 
measurement, there were 6 instances in which the errors of calculation 
could not be accounted for It is therefore necessary to assume that 
other factors, which were not measured, have a determining influence 
upon the osmotic pressure exerted by a given sample of serum We 
may conclude that, whereas in a series of cases the errors due to the 
unknown factor or factors will not seriously affect the reliability of the 
calculation of the osmotic pressure from the albumin and total protein 
concentration, in any single instance the calculated value may possibly 
be in error by an amount which is much greater than the sum of the 
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expenmental errors of the methods employed The imknown factor 
does not seem to be referable to individual ("personal”) peculiarities of 
the blood, for in no instance did a large error occur more than once in the 
senes of determinations carried out on blood samples from individual 
subjects It may be assumed that the method of calculation will give 
reliable results when applied to a senes of determinations on the same 
individual as well as when applied to single determinations on a senes of 
several individuals As a matter of fact, the greatest error so far en- 
countered, 19 per cent, is not so great as to discourage the employment 
of the method, for most clinical purposes, for single determinations on 
single individuals In this respect the method cannot be considered 
to be less accurate than the usual determination of the basal metabolic 
rate, for which an error of ± 15 per cent is ordinarily allowed 

The significance of the relation between the specific osmotic pressure and 
the total protein and albumin concentrations It has been pointed out by 
Marrack and Hewitt (7) that the “Donnan pressure” due to the excess 
of diffusible ions in a protein solution over that m the outside solution 
will be proportional to the square of the protein concentration and must 
be added to the osmotic pressure of the protein alone in calculating the 
total osmotic pressure of an ideal protein solution Theoretically, there- 
fore, P = aC -f bO, where a is the constant of proportionality relating 
the pressure due to the protein alone to the concentration, and where b 
is a constant relating to the Donnan pressure at constant pH The 
equation, of course, will be expected to hold for a series of blood sera 
only if they contain the same proportions of the two protein fractions, 
albumin and globulin that is to say, when A/G remains constant But 
when A/G is constant, C is directly proportional to A, so that our equa- 
tion for the total osmotic pressure, P = 21 4C -f 5 9AC, may be written 
P = 21 4C 5 9bC^, where b is the constant of proportionality between 
C and A for a constant value of A/G This is the theoretical form of 
equation for the Donnan effect Now S = P/C, so that the theoretical 
formula reduces to S = a -f bC For constant values of A/G our equa- 
tion may be reduced to the identical form, S = 21 4 -j- 5 9bC 

Interesting though these compansons of our empirical equations with 
the theoretical Donnan equations may be, however, they do not com- 
pletely explain the peculiar relations which we have found to exist It 
is difficult to understand, on any theoretical basis which is not entirely 
speculative, why the specific pressure should be so completely independent 
of the globulin concentration and hence of the A/G ratio The relation 
would seem to imply that the specific pressure of globulin in any serum 
is the same as that of the albumin with which it is associated, and that 
it has a value which is directly determined by the concentration of the 
albumin On the other hand, globulin does not appear to have any 
effect on the specific pressure of albumin It should be emphasized that 



1115 


H S WET-lSj J B VOUMAKS ANB P G MILI.ER, JR 

the term "specific pressure" refers not to the total osmotic pressure, but 
to the average pressure per gram per cent of total protein The globulin 
content of a given serum appears to contribute gram for gram exactly 
as much to the total pressure as does the albumin Consequently our 
data offer no justification for the assumption that albumin (in serum) 
has an effective molecular weight which is much less than that of globulin 
The actual molecular weights of the two substances may, of course, be 
widely different but if they are, the fact is not reflected in our data 
and we must assume that other factors enter in to mask the effects of a 
difference in molecular weight Whatever the explanation of this pe 
culiar situation may be, the existence of the relation indicates the need 
for an expenmental study of the osmotic properties of both the separate 
and the mixed solutions of purified serum albumin and serum globulin 
The finding that the albumin concentration determines the speafic 
osmotic pressure, not only of the albumin itself but also of the accom- 
panying globulin (regardless of the concentration of the globulinl is of 
some significance in relation to the clinical correlation of edema with 
low serum albumin concentrations for it becomes clear that a progressive 
lowenng of the albumin content of a patient's serum entails a simul 
taneous lowenng of the specific osmotic properties of the accompanying 
globulin fractions, even if the globulin concentration is not lowered 
The significance of the A/G ratio as an index of the osmotic properties 
of serum depends, apparently, on the clinical fact that changes in this 
ratio are most often due to changes in the albumin fraction — the globulin 
changing relatively less, in most instances However, in cases where the 
globulin undergoes marked vanations from the normal value the A/G 
ratio becomes totally unreliable as an index In our senes as a whole 
there is a fair degree of correlation between the specific pressure and the 
A/G ratio, but this must be attnbuted solely to the particular selecbon 
of cases In individual cases the correlation was often very poor indeed 
The fact that the specific pressure increases ivith increasing total 
protein concentration (except when this increase is due to an mcrease 
in G alone) is in accord with the findings of many other investigators 
for serum, (8, 9, 10), for serum albumin (11), for other pure protein 
solutions (12, 13) and for all types of concentrated solutions of crystalloids 
so far studied, of which the classical example is sucrose (14) Conse- 
quently It would appear that the contention of Govaerts that the total 
protein concentration is without influence on the speafic osmotic pressure 
IS without justification except from his own data 

The apparent unreliability of the formulae of Govaerts and of von Farkas 
In general the values obtained by Govaerts for the osmotic pressure of 
serum tend to be higher than those obtained by others Further evidence 
that the values upon which Govaerts’ formula is based are unreliable is 
given by the fact that Vemey (8), employing cellophane membranes 
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furnished by Govaerts, obtained values which were lower in relation to 
the protein concentrations than those of Govaerts, but of the same order 
of magnitude as those of most other workers 

We have used the formula of Govaerts, P = 75 4A + 19 5G, to 
calculate the osmotic pressures of our sera and find that these calculated 
values are, on the average, 18 4 per cent higher than the values which 
we observed, with a range of variation of — 3 to + 59 per cent Since 
the formula of Govaerts fits his own data very well, we may conclude 
from the degree of variability found by the above-mentioned calculations 
that his observed pressures, mostly higher than ours, are not higher in 
any definite proportion but in a totally irregular manner If our deter- 
minations are correct, as we believe them to be, it follows that Govaerts’ 
formula cannot be relied upon to give calculated values which are even 
relatively accurate The same criticism may be applied to the formula 
of von Farkas, P = 68A -f 25 IG, for the application of this formula 
to our data provides values which are, on the average, 13 4 per cent higher 
than the values observed by us, the range of variation being — 8 to 56 
per cent 

SUMMARY 

1 The osmotic pressure of colloids and the total protein, albumin and 
globulin concentrations of 128 samples of human serum were determined 
The samples were obtained from 53 individuals 

2 Analysis of the data, which cover a relatively wide range of values, 
indicates that the relation between the total protein and albumin concen- 
trations and the osmotic pressure is sufficiently regular and definite to 
allow the use of an empirical formula, derived from the data, for the calcu- 
lation of the osmotic pressure The formula is P = C(214-}-5 9A), 
where P is the osmotic pressure m millimeters of water, C is the total 
protein concentration and A is the albumin concentration, m grams per 
100 cc The standard error of calculation is db 5 per cent 

3 A nomogram has been constructed to facilitate calculations 

4 The specific osmotic pressure of serum appears to be a linear 
function of the albumin concentration Vanations in the globulin con- 
centration over a wide range produce no effect on the specific pressure 
at constant values of A Consequently the A/G ratio is a poor index of 
the osmotic properties of serum The specific pressure increases for 
increasing values of the total protein concentration, but only in so far 
as these increases are not due to increases in the globulin The theo- 
retical significance of these relations is discussed 

5 The formulae of Govaerts and of von Farkas, which have been 
used to calculate the osmotic pressure, appear to be totally unreliable 
The reasons for this conclusion are discussed 
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In recent years great interest has been manifested m the virus of 
herpes simplex It has been stimulated by an increasing curiosity 
regarding filterable viruses in general, and by the possibility that herpes 
virus may have a causal relationship to epidemic encephalitis How- 
ever, despite the enthusiasm for the study of the properties of this filter- 
able agent, little attention has been paid to the natural manifestations 
of the disease herpes simplex This may be due to the ubiquity of herpes 
simplex or it may be possible that the essential herpetic character of 
many affections is not recognized 

The recognition of herpes as a clinical entity is probably of great 
antiquity, the Mord itself being derived from the Greeh fprrris meaning 
literally "a creeping ” Aretaeus the Cappadoaan, m discussing affec 
tions of the tonsils, describes small superficial ulcers to which he gave 
the name aptha It is not unlikely that these lesions nere herpetic in 
nature In 1398, John Trevisia m his fragmentary translation of 
Bartholomaeus Anglicus' manuscript, “On the Property of Things,” 
makes mention of “this euyll is callyd Herpes” and “suche a scabbe 
highte Herpes Cingula ” This constitutes the first reference to herpes 
in the English language, and it is plain from this atation that herpes was 
recognized in the Middle Ages Dunng the succeeding centuries one 
finds a constant increase in the number of references to herpetic infections, 
thereby demonstrating the interest attached to the disease 

However, it was not until the beginning of the nineteenth century 
that a clear differentiation was established between the clinical course of 
herpes simplex and herpes zoster Following this distinction one finds 
an increased interest taken by clinicians m the delineation of the various 
simple herpetic affections The general manifestations of the disease 
as well as the local, occupied their attention and in the middle of the 
century, several splendid clinical reports describing the disease are to 
be found 

Gubler (1) in 1858 gives an admirable account of herpetic infections 
of the throat which we will quote “A la suite d'un refroidissement, 
un sujet est pns de malaise, de courbature, puis d’une fifevre quelquefois 
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assez intense, ainsi que d'un mal de gorge les deux amygdales sont 
tum6fi^es, rouges et ne tardent par k pr^sentes des surfaces circulaires ou 
irrfeguh^rement configur6es, semblables k des ulcerations superficiells 
couvertes d’une exsudation plastique gnsatre ou jaun^tre, souvent cette 
derniere Idsion est unilaterale En meme temps il apparait sur les Ifevres 
une eruption d’herpes ordinairement groupee en grand partie vers I’une 
des commissures Tel est aussui le type consacre par le descnption 
classique Eh bien, dans mon opinion, ces ulcerations tonsillaires doivent 
etre considerees comme de I’herpes labialis sur une surface muqueuse ” 

Trousseau (2) devoted an entire clinic to the description of herpetic 
pharyngitis His description of the individual lesions is classical "On 
voit en effet des taches blanche, entourees d’une areole mflammatoire 
assez etendue, et dont le volume vane depuis le groisseur d’un gram de 
millet JUS qu’ k celui d’un pois Ces taches laissent k leur place des 
ulcerations superficielles dont les bords peuvent nfeanmoins Itre saillants 
en raison du gonflement oedemateux des tissus environnants envahis 
par I’lnflammation ’’ 

In 1881 James Wilson in his book on "The Continued Fevers’’ 
describes simple continued fever as "a fever not due to any specific cause, 
usually of short duration, lacking the distinguishing, charactenstics of 
other fevers, and rarely fatal in temperate climates The eruption 
of herpes upon the lips and nose is so common at the close of simple 
continued fever that this disease by some persons has been called Herpetic 
Fever ’’ 

Two years later Savage (3) reported an epidemic of herpetic fever 
which occurred in an English boys’ school The clinical picture of the 
disease in this epidemic was characterized by a slow onset accompanied 
by headache, lassitude, chilliness, fever, irritability, malaise and vomiting 
After twenty-four hours, patches of herpetic lesions appeared about the 
lips or lobes of the ears In two individuals vesicles appeared on the 
lower extremities With the appearance of the vesicles the patients 
complained of sore throats Frequently herpetic lesions were present 
in the throat By the fourth day the temperature was normal and the 
patients were convalescent Thirty-nine boys were affected dunng a 
two-week penod 

In recent years, despite Trousseau’s remark that "Au jour d’hm qu’ 
on est suffisamment averti, il est peu de m^decms qui n’aient en I’occasion 
d’en observer des exemples,’’ very little can be found in medical literature 
regarding the clinical course of localized and generalized herpetic infec- 
tions of the simplex type In 1932 Youmans (4) descnbed an individual 
ill from herpetic fever with stomatitis He was successful in isolating 
the virus of herpes simplex from the mouth lesions in this patient, thus 
for the first time demonstrating the essential etiological character of the 
disease 
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In this report we wish to discuss three cases of herpetic infections in 
the mouth, two of which were accompanied by fever From tivo of the 
individuals the virus of herpes simplex was recovered 

CASE HISTORIES 

Miss C K J H H 40611, a student aged 23 entered the Medical Clinic 
on December 9, 1931, complaining ol a “sore throat and swollen tender gums' 
of three days duration Her past and family history was unimportant 
Three days before coming to the clinic the patient had spent the week end in 
New York and while nding to Baltimore on the train, she noticed that her 
throat was sore Upon the following day she expenenced “chills and fever " 
The soreness in the throat increased and the gums became tender and swollen 
Headache appeared and some generalized aching was present On December 
8th the symptojns were more marked and the throat affection was so severe 
that swallowing became very difficult She was admitted to the Isolation 
Ward on the following morning 

Physical examtnahon The patient was undernourished and seemed quite 
uncomfortable The temperature was 101 6° F , the pulse 112, and the 
respirations were 20 The skin was warm and moist the ears, eyes and nose 
were normal The lips were drj and cracked and just to the right of the midline 
was a small, crusted, superficial ulcerated lesion The gums were tender, 
swollen and spongy and there were numerous small superfiaal lesions capped 
with white membranes on the tooth gum margins These bled freely when 
slightly traumatized Near the tip of the tongue were several small vesicles 
as well as upon the hard palate The tonsils had been cleanly removed, but 
the soft palate, uvula pillars and posterior pharyngeal wall were intensely 
inflamed and moderately swollen The lymphoid follicles of the posterior 
pharyngeal wall were markedly hypertrophied and there were numerous small 
superfiaal vesicular lesions over the posterior pharyngeal wall The regional 
lymph nodes were enlarged and slightly tender as were also the axillary glands 
The remainder of the physical examination was essentially normal 

Laboratory data Urine normal Red blood cells 4 4 million Memo 
globm 90 per cent White blood cells 4,560 Differential count — Poly 
morphonudears 72 S lymphocytes 12 5, monocytes IS Wassermann reaction 
negative Throat cultures (7), staphylococcus aureus Throat smears — no 
Vincent s organisms Blood culture negative 

Impression It was thought on admission to the Ward that the patient 
was suffering from an acute septic sore throat and in aphthous stomatitis 
The possibility of a Vincents infection was considered, but at no time were 
Vincent s organisms demonstrated 

Course The temperature remained elevated on the day after admission 
and the total white blood cells numbered 6 000 The patient complained of 
a severe sore throat The mouth lesions were unchanged On December 11th 
the temperature was lower and the white blood cells totaled 5 950 The 
white membranes capping the vesicles were beginning to slough off leaving 
clean superfiaal ulcers On December 12th the temperature fell to normal 
and there was a marked symptomatic improvement White blood cells 3 750 
Treatment of the ulcers by topical application of 2 per cent gentian violet 
was instituted During the next few days the patient improved and by 
December ISth her mouth and throat were free from ulcerated areas On 
December 22nd she was discharged well, and as far as we know she has 
never had a recurrence of this affection 
52 
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Mr M T , J H H 46235, a white, night club saxophone player, aged 25 
years, entered the Medical Clinic on November 4th, 1932, complaining of a 
"sore mouth” of six days duration His past and family history was unim- 
portant Five days before coming to the hospital the patient felt "feverish" 
and thought that his tongue and gums were dry and swollen A moderately 
severe headache was present By evening he developed definite soreness of 
the throat, tongue and gums On the following day he felt "grippy” and 
suffered from generalized aching and malaise By the next day his throat 
was so sore and he felt so seedy that he took to his bed Profuse sweats 
occurred, his neck became swollen and tender and his headaches more severe 
He suffered from insomnia and on the night before entry he was disonented 
All of his symptoms increased in intensity and he came to the hospital 

Physical examination The patient was well developed and well nourished, 
but apparently was very uncomfortable The temperature was 100° F , the 
pulse 96, and the respirations 22 The skin was hot and dry, the ears, eyes 
and nose were normal The lips were dry, fissured and scaly Several small 
superficial crusted ulcers were present on the outer dry surface of the lips 
The inner surface of the lips, the buccal mucous membranes, and the gums 
were dull red in color Many deflated vesicles capped with dead white skin 
were seen on these surfaces The gums bled when slightly traumatized 
The tongue was beefy red and was covered with numerous vesicles Many 
similar lesions were seen on the hard palate The soft palate, uvula, pillars, 
and posterior pharyngeal wall were moderately inflamed and slightly swollen 
On the soft palate, uvula and right posterior pillar there were small vesicles 
surrounded by a small area of intense hyperemia and capped with a dull 
chalk-white tense membrane These collapsed completely when the vesicular 
fluid was released The regional and anterior cervical lymph nodes were 
enlarged and tender Otherwise the physical examination was normal 

Laboratory data Urine normal Red blood cells 4 6 million Hemoglobin 
106 White blood cells 6,880 Differential count — polymorphonuclears 62, 
eosinophiles 1, basophils 1, lymphocytes 34, monocytes 2 Wassermann 
reaction negative Throat smears — no Vincent’s organisms Throat culture 
— staphylococcus aureus 

Impression Because of the presence of typical herpetic lesions upon the 
lips and the vesicular character of the eruptions in the mouth, it was thought 
that this patient was suffering from herpetic stomatitis and pharyngitis 

Course On the day following the patient's admission to the hospital, his 
temperature was normal, but there was no change in the condition of the mouth 
The mouth lesions were treated with topical applications of gentian violet 
On November 8th the white cells numbered 7,700 The lesions were slowly 
resolving, but enough discomfort persisted to prevent the taking of solid food 
By November 11th the lesions had practically disappeared and the patient 
was discharged There has been no recurrence of the herpes up to the present 
time 

Miss C W , J H H 46136, a student nurse, aged 22, entered the Medical 
Clinic on January 2nd, 1933, complaining of a “sore throat” of two days 
duration With the onset of this affection she suffered from “chills and 
fever,” headache and anorexia On the following day she felt weak and 
experienced generalized aching Profuse sweats occurred during the night 
On the day of admission malaise was present and the glands in her neck were 
enlarged and tender 

Physical examination The patient was well nourished and seemed com- 
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fortable The temperature, pulse and respirations were normal A faint, 
generalized erythema was present The ears, eyes and nose were normal, 
as were also the lips gums, buccal mucous membranes and tongue A discrete 
vesicular eruption was present over the left anterior pillar and over a right 
tonsillar tag The vesicles ranged in size from two to four millimeters and 
were surrounded by small areas of -very hyperemic mucous membrane The 
entire throat was mildly erythematous and the lymphoid follicles on the 
posterior pharyngeal nail were hypertrophied The regional lymphnodese 
were moderately enlarged and tender Otherwise the physical examination 
was normal 

Laboratory data Onne normal Red blood cells 4 9 million Hemoglobin 
100 White blood cells 7,050 Differential count — polymorphonuclears 65, 
eosinophiles 1 basophils 1, lymphocytes 29, monocytes 4 Wassermann 
reaction negative Throat culture — staphylococcus albus and aureus 

In pression Herpehc pharyngitis 

Course The temperature, pulse and respirations remained normal through 
out the patient a stay in the hospital By January 6th the throat had improved 
and on the folloiving day the patient was discharged from the hospital No 
local treatment was used in this instance There has not been any recurrence 
of the affection to date 

Experimental studies 

Miss C K No studies were made because the nature of the throat 
affection was not suspected until after the vesicles had disappeared 

Mr M T Upon November 4th, the cap of a tense vesicle was 
removed with biting forceps and this matenal was rubbed into the 
scanfied left corneae of two rabbits Within twenty four hours a local 
ized injection of the sclera was observed and after a short time one 
could see minute vesicles along the lines of scanfication with the aid of 
a hand lens By November 7th a full blown, steamy keratitis was 
manifest in both animals At this point, rabbit Number 1 was killed, 
the left cornea was removed and then ground in a sterile mortar with a 
small amount of stenle physiological saline solution The left scanfied 
corneae of rabbits Numbers 3 and 4 were inoculated with the ground 
material 

On the 12th of November rabbit Number 2 was hypersensitive and 
circled definitely to the left Three days later this animal was extremely 
hypersensitive, circled to the left, showed marked salivation and retention 
of unne, ran blindly into objects and had an accelerated respiratory rate 
Its temperature was 106 8° F The rabbit was killed and its brain care 
fully removed with stenle precautions A part of the brain was placed 
in Zenker s acetic fluid, a second portion was cultured m aerobic and 
anaerobic media, and the remaining bit was ground up in stenle physio 
logical saline solution and the brain suspension was inoculated into the 
scanfied left cornea of a guinea pig This animal developed a typical 
keratitis and on the fourth day after inoculation showed charactenstic 
signs of encephalitis It was then killed and its bram was placed m 
Zenker’s acetic fluid 
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Rabbits Numbers 3 and 4 both developed keratitis within twenty- 
four hours of inoculation and showed definite signs of encephalitis on 
the seventh day At that time they were killed and their brains were 
placed in Zenker’s acetic fixing fluid Histological sections stained with 
Mallory’s eosin-methylene blue stain were made of the fixed tissues 
Examination of these sections showed in each instance the severe, 
infiltrative meningoencephalitis and the acidophilic intranuclear inclu- 
sions which are characteristic of herpetic encephalitis m laboratory 
animals 

Miss C W On January 4th, the top of a tense vesicle was removed 
and was rubbed on the scarified cornea of a rabbit By January 6th a 
definite keratitis was present and on the following day the animal was 
killed and the infected cornea removed Part of this cornea was placed 
m Zenker’s acetic fluid and the remainder was used to inoculate the 
scarified cornea of a second rabbit This animal developed keratitis 
within two days and showed signs of encephalitis on the eighth day, at 
which time it was killed and its brain placed in Zenker’s acetic fluid 
Histological sections stained with Mallory’s eosin-methylene blue stain 
were made of the fixed tissues The cornea of the first rabbit showed 
a severe infiltrative keratitis with rare intranuclear inclusion bodies 
Evidently the process had progressed beyond the stage most favorable 
for the finding of inclusion bodies A severe meningoencephalitis was 
present in the second rabbit and numerous brain cells showed the acido- 
philic intranuclear inclusion bodies which are considered to be typical 
of herpetic infection 

The chmcal course of herpetic stomatitis and pharyngitis 

In all of our cases the onset was slow and the first symptom observed 
was either a sore mouth or sore throat Shortly after the onset, headache 
and malaise accompanied by sensation of "chills and fever’’ appeared 
Sweating was often marked It was not possible in any of our cases to 
determine the relation of the appearance of the herpetic lesions to the 
onset of symptoms Nausea and vomiting did not occur As the disease 
progressed the symptoms became more intense In all three individuals 
generalized aching was present at one time or the other Two patients 
had a definite fever when admitted to the Ward These two also had 
labial herpes and the lesions were widespread m their mouths None of 
our cases developed skin lesions All had white blood cell counts below 
8,000 on entry The differential formulae were normal Treatment 
other than palliative seemed to be of little value as the disease is self 
limited None of our patients gave a history of susceptibility to herpes 
and none have had a recurrence of the infection 

We were able to isolate a virus which produced the typical clinical 
syndromes of herpetic keratitis and encephalitis m rabbits and guinea 
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pigs from the vesicles in two of three patients Histological preparations 
of the corneae and brains from the infected animals showed the acidophilic 
intranuclear inclusions which are considered to be characteristic of 
herpetic infections 

It IS very likely that herpetic affections of the mouth and throat are 
more common than we suspect It seems curious that a disease appa- 
rently so well known and so frequently recognized in the last century 
should have become rare It is probable that if more attention is paid 
to the clinical appearance of “sore throats,” many of them will be 
recognized as being herpetic in ongin 

SUMMARY 

Three cases of herpetic pharyngitis and stomatitis have been de- 
scnbed and discussed A virus corresponding to the virus of herpes 
simplex was isolated from the lesions in two of the three cases 
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Although common colds are probably the most frequent ailments 
from which we suffer, very few studies have been made upon the changes 
that take place in the nasal mucous membranes dunng acute upper 
respiratory infections In 1885 MacKenzie (1) first descnbed the histo 
logical appearance of the nasal mucous membranes during acute coryza 
He found an intense engorgement of the cavernous tissue which was 
especially well marked over the lower halves of the middle and posterior 
portions of the infenor turbinates with rupture of the vessels Along 
the inner walls of the dilated spaces were congregations of lymphoid cells 
and in some of them collections of fibrinous exudate A moderate cellular 
infiltration was present below the basement membrane 

Forty five years after this report, Hilding (2) published his observa 
tions upon the histopathology of the nasal mucous membranes m "colds ” 
He found that "the pathologic process is that of a mucous membrane 
inflammation showing rather marked tissue changes, including the loss 
of many of the surface cells and a proliferative reaction in the submucosa 
The epithelium is regenerated and repaired by the growth and multiphca 
tion of the stellate cells normally found deep in the epithelium " 

While studying the nasal secretions, Hilding noted that the cellular 
content changed rapidly Early in colds the secretion was watery and 
contained few cells Ciliated epithelial cells appeared dunng the first 
twenty four hours and became more numerous by the second day The 
deeper epithelial cells, polyblasts and polymorphonuclear cells appeared 
in the secretions on the second day and rapidly became numerous 
Within a few days the polymorphonuclears made up most of the cellular 
content of the secretions 

Hilding did not believe that the cellular content of the secretions or 
the pathological picture in the nasal mucous membranes was related 
to any one causal agent in colds, but interpreted the observed changes as 
a response to any one of or a combination of etiological factors 

D and R Thomson (3) have briefly descnbed nasal secretions from 
cases of acute w atery catarrh Their observations are of interest chiefly 

U27 
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assez intense, ainsi que d'un mal de gorge les deux amygdales sont 
tum6fi6es, rouges et ne tardent par k pr^sentes des surfaces circulaires ou 
irrdguh^rement configur^es, semblables k des ulcerations superficiells 
couvertes d’une exsudation plastique gns&tre ou jaunitre, souvent cette 
derniere l6sion est unilaterale Kn meme temps il apparait sur les l^vres 
une eruption d’horp^s ordinairement groupee en grand partie vers I’une 
des commissures Tel est aussui le type consacre par le description 
classique Eh bien, dans mon opinion, ces ulcerations tonsillaires doivent 
etre considerees comme de I’herpes labialis sur une surface muqueuse ” 

Trousseau (2) devoted an entire clinic to the description of herpetic 
pharyngitis His description of the individual lesions is classical “On 
voit en effet des taches blanche, entourSes d’une arede inflammatoire 
assez etendue, et dont le volume vane depms le groisseur d’un grain de 
millet ]us qu’ ci celui d’un pois Ces taches laissent k leur place des 
ulc6rations superficielles dont les bords peuvent n6anmoins Stre saillants 
en raison du gonflement oed6mateux des tissus environnants envahis 
par 1 ’inflammation ’’ 

In 1881 James Wilson in his book on “The Continued Fevers’’ 
describes simple continued fever as “a fever not due to any specific cause, 
usually of short duration, lacking the distinguishing, charactenstics of 
other fevers, and rarely fatal in temperate climates The eruption 
of herpes upon the hps and nose is so common at the close of simple 
continued fever that this disease by some persons has been called Herpetic 
Fever ’’ 

Two years later Savage (3) reported an epidemic of herpetic fever 
which occurred in an English boys’ school The clinical picture of the 
disease in this epidemic was characterized by a slow onset accompanied 
by headache, lassitude, chilliness, fever, irritability, malaise and vomiting 
After tiventy-four hours, patches of herpetic lesions appeared about the 
lips or lobes of the ears In two individuals vesicles appeared on the 
lower extremities With the appearance of the vesicles the patients 
complained of sore throats Frequently herpetic lesions were present 
in the throat By the fourth day the temperature was normal and the 
patients were convalescent Thirty-nine boys were affected dunng a 
two-week period 

In recent years, despite Trousseau’s remark that “Au jour d’hm qu' 
on est suffisamment averti, il est pen de m6decins qui n’aient en I’occasion 
d’en observer des exemples,” very little can be found in medical literature 
regarding the clinical course of localized and generalized herpetic infec- 
tions of the simplex type In 1932 Youmans (4) described an individual 
ill from herpetic fever with stomatitis He was successful in isolating 
the virus of herpes simplex from the mouth lesions in this patient, thus 
for the first time demonstrating the essential etiological character of the 
disease 
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In this report we ish to discuss three cases of herpetic infections in 
the mouth, two of which were accompanied by fever From Uvo of the 
individuals the vuus of herpes simplex was recovered 

CASE HISTORIES 

Miss C K J H H 40611, a student, aged 23 entered the Medical Clinic 
on December 9, 1931, complaining of a “sore throat and swollen tender gums' 
of three days duraUon Her past and family history was unimportant 
Three days before coming to the clinic the patient had spent the week end in 
New York and while nding to BalUmore on the tram, she noticed that her 
throat was sore Upon the following day she e\penenced “chills and fever ” 
The soreness in the throat increased and the gums became tender and swollen 
Headache appeared and some generalized aching was present On December 
8th the symptoms were more marked and the throat affection was so severe 
that swallowing became very difficult She was admitted to the Isolation 
Ward on the following morning 

Physical examination The patient was undernourished and seemed quite 
uncomfortable The temperature was 1016'^ F, the pulse 112, and the 
respirations were 20 The skin was warm and moist the ears, eyes and nose 
were normal The bps were dry and cracked and just to the right of the midline 
was a small, crusted, superficial ulcerated lesion The gums were tender, 
swollen and spongy and there were numerous small superfiaal lesions capped 
with white membranes on the tooth gum margins These bled freely when 
slightly traumatized Near the tip of the tongue were several small vesicles 
as well as upon the hard palate The tonsils had been cleanly removed, but 
the soft palate, uvula pillars and posterior pharyngeal wall were intensely 
inflamed and moderately swollen The lymphoid follicles of the posterior 
pharyngeal wall were markedly hypertrophied and there were numerous small 
superfiaal vesicular lesions over the postenor pharyngeal wall The regional 
lymph nodes were enlarged and slightly tender as were also the axillary glands 
The remainder of the physical examination was essentially normal 

Laboratory data Urine normal Red blood cells 4 4 million Hemo 
globm 90 per cent White blood cells 4,560 Differential count — Poly 
morphonudears 72 5 lymphocytes 12 S, monocytes IS Wassermann reaction 
negative Throat cultures (7), staphylococcus aureus Throat smears — no 
Vincent s organisms Blood culture negative 

Impression It was thought on admission to the Ward that the patient 
was suffenng from an acute septic sore throat and an aphthous stomatitis 
The possibility of a Vincent s infection was considered, but at no time were 
Vincent’s organisms demonstrated 

Course The temperature remained elevated on the day after admission 
and the total white blood cells numbered 6 000 The patient complained of 
a severe sore throat The mouth lesions were unchanged On December Hth 
the temperature was lower and the white blood cells totaled 5,950 The 
white membranes capping the vesicles were beginning to slough off, leaving 
clean superfiaal ulcers On December 12th the temperature fell to normal 
and there was a marked symptomatic improvement White blood cells 3 750 
Treatment of the ulcers by topical application of 2 per cent gentian violet 
was instituted During the next few days the patient improved and by 
December 18th her mouth and throat were free from ulcerated areas On 
December 22nd she was discharged well, and as far as we know, she has 
never had a recurrence of this aflecbon 
52 
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Mr M T , J H H 46235, a white, night club saxophone player, aged 25 
years, entered the Medical Clinic on November 4th, 1932, complaining of a 
“sore mouth” of six days duration His past and family history was unim- 
portant Five days before coming to the hospital the patient felt "feverish” 
and thought that his tongue and gums were dry and swollen A moderately 
severe headache was present By evening he developed definite soreness of 
the throat, tongue and gums On the following day he felt “grippy” and 
suffered from generalized aching and malaise By the next day his throat 
was so sore and he felt so seedy that he took to his bed Profuse sweats 
occurred, his neck became swollen and tender and his headaches more severe 
He suffered from insomnia and on the night before entry he was disoriented 
All of his symptoms increased in intensity and he came to the hospital 

Physical examination The patient was well developed and well nourished, 
but apparently was very uncomfortable The temperature was 100“ F , the 
pulse 96, and the respirations 22 The skin was hot and dry, the ears, eyes 
and nose were normal The lips were dry, fissured and scaly Several small 
superficial crusted ulcers were present on the outer dry surface of the lips 
The inner surface of the lips, the buccal mucous membranes, and the gums 
were dull red in color Many deflated vesicles capped with dead white skin 
were seen on these surfaces The gums bled when slightly traumatized 
The tongue was beefy red and was covered with numerous vesicles Many 
similar lesions were seen on the hard palate The soft palate, uvula, pillars, 
and posterior pharyngeal wall were moderately inflamed and slightly swollen 
On the soft palate, uvula and right posterior pillar there were small vesicles 
surrounded by a small area of intense hyperemia and capped with a dull 
chalk-white tense membrane These collapsed completely when the vesicular 
fluid was released The regional and anterior cervical lymph nodes were 
enlarged and tender Otherwise the physical examination was normal 

Laboratory data Urine normal Red blood cells 4 6 million Hemoglobin 
106 White blood cells 6,880 Differential count — polymorphonuclears 62, 
eosinophiles 1, basophils 1, lymphocytes 34, monocytes 2 Wassermann 
reaction negative Throat smears — no Vincent’s organisms Throat culture 
— staphylococcus aureus 

Impression Because of the presence of typical herpetic lesions upon the 
lips and the vesicular character of the eruptions in the mouth, it was thought 
that this patient was suffering from herpetic stomatitis and pharyngitis 

Course On the day following the patient’s admission to the hospital, his 
temperature was normal, but there was no change in the condition of the mouth 
The mouth lesions were treated with topical applications of gentian violet 
On November 8th the white cells numbered 7,700 The lesions were slowly 
resolving, but enough discomfort persisted to prevent the taking of solid food 
By November 11th the lesions had practically disappeared and the patient 
was discharged There has been no recurrence of the herpes up to the present 
time 

Miss C W , J H H 46136, a student nurse, aged 22, entered the Medical 
Clinic on January 2nd, 1933, complaining of a “sore throat” of two days 
duration With the onset of this affection she suffered from "chills and 
fever,” headache and anorexia On the following day she felt weak and 
experienced generalized aching Profuse sweats occurred during the night 
On the day of admission malaise was present and the glands in her neck were 
enlarged and tender 

Physical examination The patient was well nourished and seemed com- 
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fortable The temperature, pulse and respirations were normal A faint, 
generalized erythema was present The ears, eyes and nose were normal, 
as were also the lips gums, buccal mucous membranes and tongue A discrete 
vesicular eruption was present over the left anterior pillar and over a right 
tonsillar tag The vesicles ranged in size from two to four millimeters and 
were surrounded by small areas of very hyperemic mucous membrane The 
entire throat was mildly erythematous and the lymphoid follicles on the 
posterior pharyngeal wall were hypertrophied The regional lymphnodese 
were moderately enlarged and tender Othenvise the physical examination 
was normal 

Laioralory data Urine normal Red blood cells 4 9 million Hemoglobin 
100 White blood cells 7,050 Differential count — polymorphonuclears 65, 
eosinophiles 1 basophils 1, lymphocytes 29, monocytes 4 Wassermann 
reaction negative Throat culture — staphylococcus albus and aureus 

Impression Herpetic pharyngius 

Course The temperature, pulse and respirations remained normal through 
out the patient s stay in the hospital By January 6th the throat had improved 
and on the following day the patient was discharged from the hospital No 
local treatment was used in this instance There has not been any recurrence 
of the affection to date 

Experttnenlal studies 

Miss C K No studies were made because the nature of the throat 
affection was not suspected until after the vesicles had disappeared 

Mr M T Upon November 4th, the cap of a tense vesicle was 
removed with biting forceps and this material was rubbed into the 
scarified left corneae of two rabbits Within tiventy four hours a local- 
ized injection of the sclera was observed and after a short time one 
could see rmnute vesicles along the lines of scarification with the aid of 
a hand lens By November 7th a full blown, steamy keratitis was 
manifest in both animals At this point, rabbit Number 1 was killed, 
the left cornea was removed and then ground m a stenie mortar with a 
small amount of stenie physiological saline solution The left scanfied 
corneae of rabbits Numbers 3 tmd 4 were inoculated with the ground 
material 

On the 12th of November rabbit Number 2 was hypersensitive and 
circled definitely to the left Three days later this animal was extremely 
hypersensitive, circled to the left, showed marked salivation and retention 
of unne, ran blindly into objects and had an accelerated respiratory rate 
Its temperature was 106 8° F The rabbit was killed and its brain care- 
fully removed with sterile precautions A part of the brain was placed 
m Zenker s acetic fluid, a second portion was cultured in aerobic and 
anaerobic media, and the remaining bit was ground up in stenie physio 
logical saline solution and the brain suspension was inoculated into the 
scanfied left cornea of a guinea pig This animal developed a typical 
keratitis and on the fourth day after inoculation showed charactenstic 
signs of encephalitis It was then killed and its bram was placed m 
Zenker’s acetic fluid 


1124 


HERPETIC PHARYNGITIS AND STOMATITIS 


Rabbits Numbers 3 and 4 both developed keratitis within twenty- 
four hours of inoculation and showed definite signs of encephalitis on 
the seventh day At that time they were killed and their brains were 
placed in Zenker’s acetic fixing fluid Histological sections stained with 
Mallory’s eosin-methylene blue stain were made of the fixed tissues 
Examination of these sections showed in each instance the severe, 
infiltrative meningoencephalitis and the acidophilic intranuclear inclu- 
sions which are characteristic of herpetic encephalitis in laboratory 
animals 

Miss C W On January 4th, the top of a tense vesicle was removed 
and was rubbed on the scarified cornea of a rabbit By January 6th a 
definite keratitis was present and on the following day the animal was 
killed and the infected cornea removed Part of this cornea was placed 
in Zenker’s acetic fluid and the remainder was used to inoculate the 
scarified cornea of a second rabbit This animal developed keratitis 
within two days and showed signs of encephalitis on the eighth day, at 
which time it was killed and its brain placed m Zenker’s acetic fluid 
Histological sections stained with Mallory’s eosm-methylene blue stain 
were made of the fixed tissues The cornea of the first rabbit showed 
a severe infiltrative keratitis with rare intranuclear inclusion bodies 
Evidently the process had progressed beyond the stage most favorable 
for the finding of inclusion bodies A severe meningoencephalitis was 
present in the second rabbit and numerous brain cells showed the acido- 
philic intranuclear inclusion bodies which are considered to be typical 
of herpetic infection 

The chntcal course of herpetic stomatitis and pharyngitis 

In all of our cases the onset was slow and the first symptom observed 
was either a sore mouth or sore throat Shortly after the onset, headache 
and malaise accompanied by sensation of ‘‘chills and fever” appeared 
Sweating was often marked It was not possible in any of our cases to 
determine the relation of the appearance of the herpetic lesions to the 
onset of symptoms Nausea and vomiting did not occur As the disease 
progressed the symptoms became more intense In all three individuals 
generalized aching was present at one time or the other Two patients 
had a definite fever when admitted to the Ward These two also had 
labial herpes and the lesions were widespread in their mouths None of 
our cases developed skin lesions All had white blood cell counts below 
8,000 on entry The differential formulae were normal Treatment 
other than palliative seemed to be of little value as the disease is self 
limited None of our patients gave a history of susceptibility to herpes 
and none have had a recurrence of the infection 

We were able to isolate a virus which produced the typical clinical 
syndromes of herpetic keratitis and encephalitis m rabbits and guinea 
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pigs from the vesicles in two of three patients Histological preparations 
of the corneae and brains from the infected animals showed the acidophilic 
intranuclear inclusions which are considered to be characteristic of 
herpetic infections 

It is very likely that herpetic affections of the mouth and throat are 
more common than we suspect It seems curious that a disease appa- 
rently so well known and so frequently recognized in the last century 
should have become rare It is probable that if more attention is paid 
to the clinical appearance of “sore throats,” many of them will be 
recognized as being herpetic in origin 

SUMMARY 

Three cases of herpetic pharyngitis and stomatitis have been de- 
scnbed and discussed A virus corresponding to the virus of herpes 
simplex was isolated from the lesions in two of the three cases 
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Although common colds are probably the most frequent ailments 
from which we suffer, very few studies have been made upon the changes 
that take place m the nasal mucous membranes during acute upper 
respiratory infections In 1885 MacKenzie (1) first described the histo- 
logical appearance of the nasal mucous membranes dunng acute coryza 
He found an intense engorgement of the cavernous tissue which was 
especially well marked over the lower halves of the middle and posterior 
portions of the infenor turbinates with rupture of the vessels Along 
the inner walls of the dilated spaces were congregations of lymphoid cells 
and in some of them collections of fibrinous exudate A moderate cellular 
infiltration was present below the basement membrane 

Forty five years after this report, Hilding (2) published his observa- 
tions upon the histopathology of the nasal mucous membranes in "colds ” 
He found that "the pathologic process is that of a mucous membrane 
inflammation showing rather marked tissue changes, including the loss 
of many of the surface cells and a proliferative reaction in the submucosa 
The epithelium is regenerated and repaired by the growth and multiphca 
tion of the stellate cells normally found deep m the epithelium ” 

While studying the nasal secretions, Hilding noted that the cellular 
content changed rapidly Early in colds the secretion was watery and 
contained few cells Ciliated epithelial cells appeared during the first 
twenty four hours and became more numerous by the second day The 
deeper epithelial cells, polyblasts and polymorphonuclear cells appeared 
in the secretions on the second day and rapidly became numerous 
Within a few days the polymorphonuclears made up most of the cellular 
content of the secretions 

Hilding did not believe that the cellular content of the secretions or 
the pathological picture in the nasal mucous membranes was related 
to any one causal agent m colds, but interpreted the observed changes as 
a response to any one of or a combination of etiological factors 

D and R Thomson (3) have briefly desenbed nasal secretions from 
cases of acute watery catarrh Their observations are of interest chiefly 
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because of their descnption of certain round bodies which they saw in 
the cytoplasm of squamous epithelial cells Attention is called to the 
resemblances of these bodies to the guarmeri bodies found within the 
epithelial cells m vaccinia and vanola 

During the past two years we have been studying the cellular content 
of the nasal secretions m the course of common colds in an attempt to 
determme the types of cellular response, the nature of the cells, and if 
possible, the underlying factors which govern the appearance of the 
various cellular constituents of the nasal secretions in acute upper 
respiratory tract disease This communication describes our observa- 
tions upon the types of cellular response found in the nasal secretions in 
disease of the upper respiratory tract 

MATERIAL AND METHODS 

The subjects utilized in this study were medical students and labora- 
tory workers in the Johns Hopkins University Medical School A 
definite attempt was made to obtain the nasal secretions at the beginning 
and at frequent intervals during the course of the colds The secretions 
were gained by having the subject blow his nose upon a clean piece of 
non-absorbent brown paper and from the nasal discharge preparations 
were made upon glass slides covered with dried neutral red and Janus 
green for “supra vital’’ studies Permanent preparations were made by 
evenly smearing the discharge upon clean glass slides and permitting it 
to dry in the air The secretions were also observed as to color, con- 
sistency and amount 

The “supra vital’’ preparations were examined immediately in a 
warm box at 37° C and the percentage of the different types of cells 
was determined The air dried smears were subsequently stained with 
thionin blue and were studied for the presence of bacteria and bacterial 
phagocytosis Other air dried slide preparations were stained with 
either Wright’s stain or Mallory’s eosin-methylene blue stain and were 
studied for cell types and for the possible presence of intracellular 
inclusion bodies No attempt Wcis made to determine the total number 
of cells in the specimens of nasal secretions 

We have had the opportunity of exarmning 302 specimens of nasal 
secretions in the various stages of 98 colds The majority of the examina- 
tions were made in the first week of the infection We have been unable 
to obtain what we considered to be normal nasal secretions for control 
studies, so we have therefore used the nasal discharge from individuals 
suffering from acute hay fever to control our observations upon the 
secretions obtained from persons ill with “colds ’’ 

EXPEIUMENTAL OBSERVATIONS 

In the early stages of colds one commonly finds polymorphonuclear 
leukocytes, macrophages (monocytes and clasmatocytes), squamous and 
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columnar epithelial cells, eosinophilic leukocytes, lymphocytes and red 
blood corpuscles present in the nasal secretions The cellular response 
(m the nasal discharge) during the first forty eight hours of a cold may 
be of three types In the first type the majority of the cells are macro- 
phages and epithelial cells, in the second type polymorphonuclear leuko- 
cytes, and in the third eosinophilic leukocytes Striking examples of 
these three types are not commonly encountered as most of the samples 
of early nasal secretions showed cellular contents which were gradations 
between the extremes The three types of response together with the 
average are shown in Charts 1, 2, 3 and 4 
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Chart I A Common Cold Showing a Primary Macrophage Epithelial 
Cell Response in the Nasal Secretions 

When the macrophage epithelial cell type of response is present the 
secretions contain many macrophages and epithelial cells The macro 
phages are easily distinguished in the “supra vital” preparations, but 
at times the classification of the epithelial cells is difficult because of the 
bizarre forms which are seen It is common to find the upper half of the 
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cells pinched off and then one sees curious globular ciliated cells which 
resemble bursting grenades Again one may observe elongated, rounded 
end, finely granular cells with no visible nuclear structure which may or 
may not contain vacuoles holding the neutral red and which may or 
may not have cilia We think that these cells represent degenerated 
ciliated columnar epithelial cells The amount of neutral red taken in 
by the columnar cells vanes from none to 7 or 8 vacuoles filled with this 



Chart II A Common Cold Showing a Predominant Polymorphonu- 
clear Leukocyte Response in the Nasal Secretions 

dye The recognition of the squamous epithelial cells from the posterior 
rhmopharynx and vestibule offers no difficulties 

An evaluation of the viability of the ciliated columnar epithelial cells 
upon the basis of motility of the cilia and staining of the nucleus has 
been attempted without much success In many preparations the cilia 
were highly motile, in others non-motile We suspect that in most 
instances these cells are alive in the secretions, but that due to unavoid- 
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able crushing during the preparation of the supra vital slide the aha 
are so injured that their lack of motility loses its value as a cntenon of 
viability 

The macrophages generally appeared to be alive and always showed 
vanous amounts of phagocyted material We were unable to determine 
the exact mechanism which regulated the degree of phagocytosis, but 
we believe that it depended upon the amount of cellular debns present 



Chart III A Common Cold Showing a Primary Eosinophile 
Leukocyte Response in the Nasal Secretions 


and not upon the bactenal content of the secretions Generally, m the 
macrophage epithelial cell type of response occasional lymphocytes and 
eosinophiles were present Red blood cells were encountered in the 
majority of specimens but a grossly bloody specimen was rarely en- 
countered 

This type of response seldom lasted more than forty eight hours 
By the beginning of the third day of the cold the polymorphonuclear 
leukocytes were abundant and by the fourth day their percentage out- 
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numbered that of all of the other types of cells Twenty-three of the 
nmety-eight specimens of nasal secretions showed this type of response 
at the first examination 

In the second type of response the percentage of polymorphonuclear 
leukocytes was always elevated from the first and earliest possible 
examination These cells remained predominant throughout the entire 
course of the cold Thirty-three of the ninety-eight specimens of nasal 



Chart IV The Average Predominant Cellular Response as Deter- 
mined IN A Study of the Nasal Secretions in 98 Colds 


secretions showed 70 per cent or more polymorphonuclear leukocytes 
at the first examination Thirty-nine specimens fell in between these 
two types of response in that the percentage of polymorphonuclears 
ranged between 49 and 70 in the initial specimens 

There were three interesting examples of a variation from the general 
types of cellular responses seen in the nasal secretions in colds This 
variation occurred in individuals who gave definite histones of ha^ng 
repeated attacks of pollen hay fever during the past years In these 
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individuals there was a marked outpouring of eosinophilic leukocytes into 
the nasal secretions, which persisted throughout the early stages of the 
cold The eosmophiles replaced the polymorphonuclear leukocytes to 
a large extent without disturbing the macrophage epithelial cell formula 
In each instance in which this was encountered the differential white 
blood cell count was well within normal limits 

It has long been known that in individuals who suffer from hay 
fever, the nasal submucosal tissues are heavily infiltrated with eosmophiles 
and that this infiltration persists during the intervals when the acute 
allergic process has abated Hence it is not surprising that these indi 
viduals should react to an acute infection of the nasal mucous membranes 
with an eosinophilic response in their nasal secretions 

In our control group of individuals suffering from acute hay fever 
we invariably found a high percentage of eosinophile leukocytes in the 
nasal secretions However, it was interesting to note that macrophages 
and epithelial cells were present in these secretions in a percentage that 
IS commonly found in colds 

Many of the air dned smears of the nasal secretions were stained with 
eosin methylene blue and the cells were searched for the presence of 
intranuclear inclusion bodies In several instances homogeneous aci- 
dophilic bodies were seen in the cytoplasm of columnar epithelial cells 
in the secretions from early colds These closely resembled inclusion 
bodies but due to the lack of control studies upon normal epithelial 
cells we feel that the assumption that these acidophilic bodies are 
inclusion bodies would be unwarranted at the present time 

DISCUSSION 

It IS our opinion that m general our findings confirm the observations 
of Hilding (2) Undoubtedly the first changes taking place in the nasal 
mucous membranes durmg a cold must be an intercellular edema with 
congestion and an infiltration of macrophages or polymorphonuclear 
leukocytes The epithelial cells become swollen and soon detach them 
selves from the submucosa and are found free in the nasal secretions 
The mfiltrating macrophages and polymorphonuclear leukocytes either 
actively vander mto the secreuon or are passively swept out of the 
tissue spaces by the edema fluid 

Within forty-eight to seventy-two hours the polymorphonuclear cells 
become the predominant cell in the nasal secretion and the secretion 
tends to change from a watery type to a mucopurulent type of discharge, 
and remains so throughout the remainder of the infecUon until the stage 
of crustmg is over and the nasal mucous membrane has regenerated It 
IS well known that a monocytic tissue response is characteristic in certain 
varus diseases and we feel that the outpounng of monocytes seen m the 
nasal secretions m early colds may represent a response to the filterable 
agent of common colds " 
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We realize that it is dangerous to argue by analogy, but nevertheless, 
we would like to call attention to the similarity of the changes taking 
place in the nasal mucous membranes in colds, to those taking place m 
the skin during vaccinia There is first, the stage of engorgement of 
the nasal mucous membranes which resembles the formation of the 
vaccine papule Then comes the tissue edema and destruction of the 
nasal mucous membrane with an outpouring of fluid containing monocytes 
which corresponds to the formation of the vesicle filled with fluid m 
which the mononuclear elements predominate In the third stage of the 
cold the secretions have a high polymorphonuclear leukocyte content 
as does the fluid in the pustule of vaccinia, and finally in both diseases 
the last stage is characterized by crusting Here the analogy ends be- 
cause in colds the mucous membrane is restored while in vaccinia a scar 
generally results 

CONCLUSIONS 

There are two main types of cellular response found in the nasal 
secretions early in the course of colds In the first type the macrophages 
and epithelial cells predominate and in the second the polymorphonuclear 
leukocytes predominate Variations between these two types are com- 
monly seen By the third day of a cold the polymorphonuclear leuko- 
cytes become the chief cellular constituent of the nasal secretions A 
third type of cellular response in colds m which eosinophiles predominate 
has been described It is thought that these observations upon the 
cellular content of the nasal secretions in colds lend further evidence to 
the belief that a filterable agent is the cause of acute common colds 
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In an earlier, rather extensive, publication in this journal on the 
“Functional Pathology of Hyperparathyroidism ' (1) no mention was made 
of magnesium metabolism Data have now been collected permitting 
a contribution to this phase of the subject The methods of study were 
the same as described in the previous paper (1) Magnesium determina- 
tions were made by the procedure outlined by Bnggs (2) 

The pharmacological relationship of calcium and magnesium ions 
and therefore the necessity for optimum concentrations of both in body 
fluids suggest a close association of the mechanisms regulating their 
level in the blood The fact that magnesium phosphate has solubility 
properties similar to calcium phosphate and the fairly constant amount 
of magnesium in bone hint at a specific biological relationship of their 
compounds 

It would seem that the parathyroid hormone might have at least 
an indirect influence on magnesium metabolism The immediate effect 
of parathyroid hormone on serum magnesium has been studied in dogs 
by Scholtz (3) and by Greenburg and Mackey (4) Their investigations 
showed a slight increase in serum magnesium occurring early and before 
the rise in calcium By the time calcium had reached maximum values 
the serum magnesium had fallen towards normal Our experiments 
indicated that more prolonged administration of parathormone to dogs 
resulted in no striking alterations in serum magnesium (Table I) This 
was also true with rabbits in which parathormone is not very effective in 
raismg the serum calcium 

TABLE 1 

The effect of continuous parathormone administration on the serum magnesium of dogs 

and rabbits 

S«rum magnesium 


Before After 

mgm per mgm per 

100 ce 100 cc 

Dog No 1 parathormone, 50 to 300 units daily for 4 days 3 3 3 4 

Dog No 2 parathormone 50 to 300 units daily for 4 days 3 0 5 5 

Dog No 3 parathormone 50 to lOO units daily for 10 days 2 2 2 9 

Dog No 4 parathormone 50 to 100 units daily for 10 days 2 1 2 9 

Rabbit No 1 parathormone, 10 units daily for 10 days 2 6 19 

Rabbit No 2 parathormone 10 units daily for 10 days 3 2 2 8 

Rabbit No 3 parathormone, 10 units daily for 10 days 2 8 2 9 
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In clinical 7i3'/>oparathyroidism serum magnesium tends to be lower 
than the average for normal individuals This is not a constant or 
striking phenomenon Representative values in tetany following thy- 
roidectomy are presented in Table II For comparison with the hypo- 
calcaemia of parathyroid tetany this table also includes observations on 
patients with hypercalcaemia in generalized neoplastic disease of bone, a 
condition which at least simulates hyperparathyroidism These patients 
also showed low normal figures for serum magnesium 

TABLE 11 

Serum magnesium, calcium and phosphorus of cases with hypocalcaemia and cases 

vnlh hypercalcaemia 


Cases with hypoparathyroidism Cases with hypercalcaemia associated with 

following thyroidectomy generalized neoplastic disease of bone 



Serum 

1 

Serum 

Mg 

Ca 

P 

Mg 

Ca 

p 


mgm 

tngm 

mgm 


mgm ! 

mgm 

mgm 


per 

Per 

per 


per 

per 

per 


100 cc 

100 cc 

100 cc 


100 cc 

100 cc 

100 cc 

Case 11317, Tetany 

2 1 

82 

44 

1 Case 22810, Metastatic 

19 

14 9 

25 


26 

79 

4 7 

1 Hypernephroma 

1 

1 9 

IS 1 

27 

Case 22828, Tetany 

1 7 

76 

55 

Case C S , Multiple 

24 

13 5 

68 


1 7 

88 

3 7 

1 Myeloma 

1 8 

18 1 

62 

Case 23523, Tetany 

n 

78 

77 

I Case 27621, Multiple 

2 7 

16 5 

44 



59 

59 

1 Myeloma 

20 

16 9 

49 


m 




1 8 

16 8 

40 


In hyperparathyroidism one finds evidence indicating more clearly 
that the parathyroid glands have no direct influence on the level of 
magnesium m the blood This is illustrated in the studies of a typical 
case which will later be reported in detail by Olch The data are recorded 
in Table III 

Case 26258 This patient, a woman forty years old, had always considered 
herself healthy She was raised in the city Her food habits appeared to 
have been quite normal Diphtheria in childhood was the only serious in- 
fectious disease she remembered She was married when seventeen years old 
Her only pregnancy was at eighteen years and was apparently quite normal 
and was followed by an uneventful puerperium About this time dental 
caries began to develop and careful cooperation with her dentist failed to save 
her teeth Fillings continued to fall out and caries advanced until finally all 
her teeth were removed Her weight was continuously around 125 pounds 
until her hospitalization 

Six years before admission the patient fell on the floor from the level of a 
bed and broke a clavicle Three years later she fell on the ice and broke her 
left humerus Two years before admission she developed dull pain above her 
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TABLE III 


Indicating the influence of varialtons in parathyroid activity on serum magnesium 




Serum 



adenoma removed Jantiary 8 1931 

Mg 

Ca 




Before operation 

Before operation 

One day after removing parathyroid tumor 
Four days after removing parathyroid tumor 
Seven days after removing parathyroid tumor 
Eleven days after removing parathyroid tumor 
Eighteen days after xemoving parathyroid 
tumor 

Three months after removing parathyroid 
tumor 

One year after removing parathyroid tumor 

mrm per 

100 CC. 
16 

17 

17 

17 

18 

19 

25 

23 

25 

tngm per 
100 ec, 

16 2 

14 0 
98 
83 
89 
96 

95 

10 7 

10 2 


Nov 

Jan 

Jan 

Jan 

Jan 

Jan 

Jan 

Apr 

Dec 

4, 1930 

8 1931 

9 1931 
12, 1931 
15 1931 
19 1931 

26 1931 

2 1931 
18, 1931 

Ciu« SSdOO Parathormone admlaUtmtioti to a youog 
woman normal except lor oto»clero»l» 



■i 

■ 


Before parathormone 

22 

101 

3 7 

Sept 

20, 1932 
22 1932 

After 100 units parathormone in 24 hours 

26 

12 5 

29 

Sept 

After 160 units parathormone m 48 hours 

27 

12 5 

29 

Sept 

23, 1932 

After 400 units parathormone in 5 days 

2 7 

13 4 

1 5 

Sept 

26, 1932 

After 580 units parathormone m 7 days 

26 

12 8 

23 

Sept 

28 1932 

36 hours after stopping parathormone 

25 

10 9 

25 

Sept 

30 1932 

Four days after stopping parathormone 

25 

10 3 

33 

Oct 

3 1932 

Seven days after stopping parathormone 

26 

10 5 

33 

Oct 

6 1932 


left knee This was thought to be rheumatism but, when it did not improve 
after months an x ray was taken Her physician told her there was a lack 
of calcium in this area and that if she ever broke it healing might not take 
place The pain gradually improved 

The patient then felt perfectly well until June 25 1930, when she stumbled 
over a hedge and fell on a sidewalk and broke her left femur and nght humerus 
X ray examinations showed these to be pathological fractures through multi 
locular cystic areas in the bone Further x ray studies showed similar areas 
in other bones especially in the pelvis and upper dorsal spine X ray also 
showed shadows in both kidney regions typical of bilateral nephrolithiasis 
Physical examination disclosed little for comment except moderate emaa 
ation an upper dorsal kyphosis, hyperactive deep reflexes and a systolic blood 
pressure of 180 and a diastolic of 100 No tumor in the thyroid region was 
evident Blood examinations showed high serum calaum, low serum phos 
phate, a slight anemia normal nonprotein mtrogen and negative Wassermann 
and Kahn reactions The basal metabolic rate was — i per cent Phenol- 
sulphonephthalein excretion was 70 per cent 

On October 30 1930 surgical exploration of the thyroid region by Dr 
I Y Olch disclosed a small tumor, about 1 5 by 2 cm in size in the left lobe 
After this was removed the serum calcium did not fall and microscopic study 
showed it to be a foetal adenoma of the thyroid On January 8, 1931, the 
neck was explored again and a tumor 1 S by 4 cm in size was found lying in a 
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crevice between the oesophagus and spine and attached by a pedicle to the 
upper pole of the left lobe of the thyroid After removing this tumor the 
serum calcium fell to below normal and the patient experienced moderately 
distressing symptoms of tetany for about ten days 

Striking improvement in this patient’s skeletal abnormalities, as evidenced 
by x-ray examinations, has followed operation The improvement in her 
general condition has been less marked The bilateral nephrolithiasis opposes 
a satisfactory course Although there are no local symptoms, hypertension 
increases steadily and eventual kidney insufficiency is feared Her general 
condition will not permit removal of the stones 

While in the hyperparathyroid state the serum magnesium varied 
from 1 6 to 2 0 mgm per 100 cc These figures are low but within the 
range of normal variations Following the removal of the parathyroid 
adenoma the serum calcium fell typically to values below normal, but 
this change in state was not attended by any alteration in the level of 
serum magnesium During the three weeks following operation mag- 
nesium varied from 1 8 to 2 0 Three months later when the calcium 
was 10 7 mgm and phosphorus 2 4 mgm the serum magnesium was 2 3 
mgm per 100 cc A year after operation the figures were about the 
same except that the serum phosphorus had risen to normal 

Studies of magnesium, calcium and phosphorus metabolism of this 
patient, with clinical hyperparathyroidism, are recorded m Table IV 
Period 9, the first included m this table, was preceded by eight similar 
periods m which only the calcium and phosphorus were determined As 
in period 9, they showed the typical negative balance of these elements 
A definite tendency to lose magnesium in hyperparathyroidism is indi- 
cated by the data m this table A significant relationship to the hyper- 
parathyroid state IS emphasized by the change in the magnesium balance 
which followed the extirpation of a parathyroid adenoma As the patient 
was transformed to relative hypoparathyroidism and the serum calcium 
fell to below normal, the loss of magnesium shifted to a distinctly positive 
balance Magnesium was retained as large amounts of calcium and 
phosphorus were stored One year after operation the patient was 
studied for one period on the same diet she was following at home This 
contained large amounts of magnesium, calcium and phosphorus, chiefly 
from milk The retention of the three elements was still quite marked 

These modifications of magnesium excretion may be secondary to an 
effect of the parathyroid hormone on calcium or phosphorus of bone 
It IS interesting to compare the ratios of the balances of magnesium, 
calcium and phosphorus with the proportions of these substances in bone 
Considenng calcium as 100, one may calculate the proportions shown m 
Table V 

It IS apparent that a loss of calcium is accompanied by a loss of 
magnesium and phosphate and that a retention of calcium is accompanied 
by a retention of the other two elements as might be expected from the 



Magntsium calcium and phosphorus nielabohsm of patient 26253 with hyperparathyroidism and the influence of removing the parathyroid adenoma 
Also metabolism studies of patient vnth generalized neoplastic disease of bone and hypercalcaemia Corresponding 
serum magnesium calcium and phosphorus figures are recorded in Tables II and III 
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* In periods numbers 12, 13 and 14 irradiated ergosterol (Acterol 20 drops 1 1 d ) was administered in penod number 15 
cod liver oil Medication may have caused some tendency to retention of calaum and phosphorus 
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TABLE V 

Echos of magnesium and phosphorus to calcium 



1 

Calcium 

1 

Magnesium 

Phosphorus 


grams 

grams 

grams 

Approximate proportions in bone* 

100 

2 

50 

Loss the month before operation 

100 

74 

17 6 

Retention the month after operation 

100 

23 

314 

Retention one year after operation 

100 

1 67 

1 

S3 8 


* Analysis of bone from another case of hyperparathyroidism gave the 
following figures Calcium IS 39 per cent, magnesium 0 23 per cent, and 
phosphorus 6 89 per cent These would give ratios of 100 IS 4S 


composition of bone Significant variations from the ratios in bone do 
occur but further discussion of the data would not be profitable 

A study of a patient with generalized neoplastic disease of bone and 
hypercalcaemia is included in Table IV {Case 27621) This patient 
showed a markedly negative calcium balance and a slight loss of phos- 
phorus Nevertheless, she appeared to be m magnesium equilibrium 
Magnesium metabolism was also studied m experimental hyperpara- 
thyroidism A young woman 27 years old, who appeared normal except 
for moderate undernutntion and otosclerosis, was given 70 to 100 units 
of parathormone (Lilly) daily for eight days Magnesium, calcium, 
phosphorus, nitrogen and sulphur balances were investigated, before, 
during, and subsequent to the hyperparathyroid state The results of 
four day periods of study are summarized in Table V During the pre- 
liminary observations she demonstrated an ability to retain all elements, 
probably because of an improved dietary regimen During the eight 
days of parathormone administration there was a distinct increase in 
magnesium output, resulting in an evident negative balance This was 
due entirely to a rise m urinary magnesium excretion The serum 
magnesium rose slightly When parathormone was discontinued there 
was a prompt storing of magnesium but no change in the level in the 
serum In these observations the mobilization of calcium and phos- 
phorus was quite typical The excessive phosphorus excretion was 
greater than could be accounted for by calcium phosphate liberated and 
the magnitude of the increased protein metabolism This surplus phos- 
phorus was more than enough to explain the magnesium loss as mag- 
nesium phosphate released from the body In the recovery period the 
retention of phosphorus could rccisonably be accounted for by magnesium 
phosphate, calcium phosphates, and protein restored 

The negative nitrogen and sulphur balance caused by parathormone 
may be related to the local inflammatory and slight general febrile reac- 
tions caused by the material injected rather than any specific effect of 
the hormone itself 
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MAGNESIUM METABOLISM IN HYPERPARATHYROIDISM 


CONCLUSIONS 

In the hyperparathyroid state there is a negative magnesium balance 
Individuals reverting from hyperparathyroidism to normal or the hypo- 
parathyroid state store magnesium Little evidence was obtained indi- 
cating the parathyroid glands have any direct effect on the level of 
magnesium in the blood The influence of the parathyroid hormone 
on magnesium metabolism may be secondary to its action on calcium or 
phosphorus 
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IMMUNITY IN DIABETES INFLUENCE OF DIABETES ON 
THE DEVELOPMENT OF ANTIBACTERIAL 
PROPERTIES IN THE BLOOD 

By RUSSELL RICHARDSON 

(From the George S Cox Research Instttule UntversUy of Pennsylvania Philadelphia) 
(Received for publication August 8 1933) 

Notwithstanding the well known association of diabetes and infection 
we have little definite knowledge of the mechanism by which these two 
conditions affect each other Since the days of Claude Bernard, cliniaans 
have viewed with alarm either the appearance of infection during the 
course of diabetes or, perhaps with less apprehension, the occurrence of 
diabetes during or following an infection In considering the coincidence 
of these disorders one nught distinguish between the effect of each upon 
the other as different though essentially interdependent problems 
Vanous degrees of importance have been accorded to infection in the 
etiology of diabetes but there is general agreement regarding the harmful 
effect of infection when occurring during the course of diabetes 

The resistance of the body to infection is attributed in part to the 
antigen amboceptor complement reactions of the blood i We have no 
knowledge regarding the influence of diabetes on these reactions nor on 
the formation of amboceptor or complement The former may be 
present in the blood, as in natural immunity, or it may be formed following 
the inoculation of bacteria into the body, as in acquired immunity 
Complement appears to be always present and to react with either type 
of amboceptor In this study, complement, natural amboceptor and 
acquired amboceptor, as factors m the antibactenal power of the blood, 
have been mvestigated m diabetic and non diabetic persons to determine 
whether this part of the protective mechanism of the blood is affected 
by diabetes 

The complement of the serum was measured in hemolytic and bacteri- 
olytic systems The bactericidal power of the whole blood was chosen 
as the best method of determining the native amboceptor (1, 2) The 
formation of agglutinins following inoculation with B typhosus vaccine 
was taken as the index of formation of acquired amboceptor 

COMPLEMENT 

Method The hemolytic complement was measured in the sheep- 
rabbit hemolytic system One half cc amounts of a 2 per cent suspension 
of washed sheep cells with an excess of amboceptor were taken with 
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increasing amounts of patients’ serum and the total contents of each 
tube brought up to 3 cc with normal saline The amount of serum 
necessary to provide an excess of amboceptor had been determined by 
preliminary titration The tubes were then incubated at 37 5° C for 
1 hour and the titre read as the smallest amount of serum that caused 
complete hemolysis The sera were all fresh, the tests being done about 
5 hours after the blood had been collected On account of the variation 
m sheep cells, both diabetic and normal sera were set up in every series 
Whether the patients were taking insulin was noted 

The patients were selected to represent wide variations of diabetes 
as regards severity, age, use of insulin and state of nutrition A blood 
sugar was done on each blood taken 

The bacteriolytic complement was measured by means of the bacteri- 
olytic action of diabetic and non-diabetic sera on B typhosus An 
excess of amboceptor in the form of human serum heated to 56° C for 
30 minutes was added to increasing amounts of patients’ sera and 0 1 cc 
of 24 hour broth culture of the organism After 24 hours the tubes were 
cultured on blood agar plates and the titre taken as the lowest amount 
of serum which completely killed the B typhostis 

Results In all, 208 diabetic and 102 non-diabetic sera of patients 
without infection were examined Of these, 191 diabetic and 97 non- 
diabetic were measured in the hemolytic system, while 17 diabetic and 
5 non-diabetic individuals were used to determine the bacteriolytic 
complement The complement titre of the serum in the non-diabetics 
varied from 0 020 cc to 0 140 cc with an average of 0 056 cc , while 
in the diabetics it varied from 0 030 cc to 0 120 cc with an average of 
0 052 cc 

In the measurement of bacteriolytic complement similar agreement 
was found The titre of both diabetic and non-diabetic sera lay within 
the same range, namely, between 0 010 cc and 0 075 cc 

Furthermore, diabetic patients with infection showed no change in 
the amount of their complement titre as compared with non-diabetics 
with infection Nineteen of the former and 12 non-diabetics were set up 
In each group the titre varied between 0 020 cc and 0 080 cc The 
averages for these groups were 0 040 cc and 0 052 cc respectively 

It IS evident from these studies that there is no significant variation 
from normal m the amount of complement present in the blood of 
patients with diabetes regardless of whether the blood sugar was high 
or low and whether or not they were taking insulin The presence of 
infection did not appear to alter the complement content of the blood 

BACTERICIDAL EXAMINATIONS 

Since Nuttall in 1888 demonstrated the bactericidal action of whole 
blood, tivo methods of measuring the antibactenal titre have been 
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commonly selected Todd (1) and others following Wnght used de 
fibnnated blood, while Heist (2) used fresh coagulable blood Both of 
these methods were employed in the present study with each patient 
^d control Five organisms were used throughout the entire series of 
determinations, namely, B coh, Pneumococcus, Staphylococcus aureus. 
Streptococcus hemolyticus and Streptococcus mridans B typhosus and 
B pyocyaneus were also included in some expenments Because of the 
length of time necessary to complete the work, cultures which had been 
gromng as laboratory strains for some time were taken so that there 
would be little variation m their behavior All of the organisms had 
been in artificial cultivation for at least a year Transplants were made 
at frequent intervals on human blood agar and from these, broth cultures 
were made 18 hours before the test and incubated at 37 5® C Blood 
sugar determinations were done on all blood specimens 

The defibnnated blood was used according to the method of Todd as 
given by Ward (3) Defibrination was done in 150 cc flasks containing 
f T leukocyte counts were made in a number of cases before 

and after shaking in order to determine the loss in leukocvtes 
of 1/10, 1/100. 1/1000, 1/10,000, 1/100,000 and 1/1,000,000 of the 18 hour 
broth cultures were made, and 0 1 cc of each diluUon was placed m 
one of a senes of small glass tubes There was then added to each tube 
0 5 cc of defibnnated blood The tubes were sealed by heat, and placed 
m a rack attached to an electnc motor so as to revolve at the rate of 
about d revolutions per minute The entire apparatus was 3^ 
rotating m the incubator at 37 5» C At the end of 24 hours the toS 
were opened and cultures were made on human blood aga/pS^ 
These were incubated for 48 hours and examined for growth In ^ 
test also, human blood agar plates were seeded with 0 1 cc of the 1/inn^ 

In order to minimize the eflfect of vanations in the number nf h, r 
pr«.. „ U,. ,8 h.., b,.* cul,u«, „cb 

one normal and two diabetic persons, excent m f., consisted of 

only one diabetic was used A^ far ^ S,e atm 

get a severe and a mild diabetic to compare with “ 

control Controls were members of the Institufe eit w 

students medical 

The fresh coagulable blood was used accordimr m ,r. 

Heist (2) Into stenle, cotton stoppered test tube=. X' v i - 

placed 0 1 cc of the same dilutions of the fi\e^ ^ ’ ^^re 

described, and these overlaid with 0 5 cc. of ^ already 

tubes were gently shaken and allowed to stand ' ^’Icod The 

they were placed in the incubator at 37 5 = q coagulated, when 

were made and e-\amined as in the method tours, cu]tux& 

Sugar detemunations were done on all rnro,™ ^ defibnnated blood. 

“ qjeamens cf faiQod. 
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Resiilts The results of the bactericidal tests by the method using 
coagulable blood are given in Table I In these are shown the number 
of diabetic patients whose blood killed the same number of organisms 

TABLE I 


Comparison of number of organisms killed by diabetic blood with number killed by 
non-diabelic blood (Coagulable blood method) 


Bacteria killed by diabetic blood 

Diabetica whose 
blood killed at least 
100 fold less 
bacteria than non 
diabetic control 

1 Diabetics whose 
! blood killed 

1 approximatelj the 
' same number of i 
bactena as non- 
diabetic control 

1 

1 

Diabetics whose 
blood killed at least 
100 fold more 1 
bactena than non- 
diabetic control 

Total 

patients 

1 

1 

1 

100 

1 

10 

1 

j 

10 

100 

1 000 

10 000 1 

1 

Bacteria killed by , 

non diabetic blood 1 

10 000 

1 000 

B coll 

! 


2 

la 

19 

8 



n 

46 

Pneumococcus 

2 1 

3 

8 1 


14 

4 


1 


46 

Staphylococcus aureus i 


7 

5 

la 

6 



2 

^la 

44 

Streptococcus hemolyticus \ 

3 

4 

6 

10 

14 





44 

Streptococcus mridans 

3 

6 

3 

16 

14 


1 

1 

a 

46 


as the normal control and the number whose blood killed less than or 
more than the control This method of reporting the results of the 
tests was adopted because it seemed the simplest way in which the 
influence of variation m number of bacteria in the broth cultures could 
be eliminated The diabetic bloods were compared only with the normal 
bloods which had been set up at the same time, with the same broth 
cultures The difference between the largest and smallest numbers of 
bacteria in the series of cultures of any one organism was less than the 
10-fold dilution which was used between successive tubes of the determi- 
nations, so that even if this variation were not considered, the error 
would be less than one dilution in the series of 6 tubes 

It will be noted that the distribution of cases shows that diabetic 
patients in general are less able to kill the test bacteria than the non- 
diabetic controls This seems to be especially true with the gram positive 
cocci against which phagocytosis has been shown to be especially effective 
It appears that the diabetic tends To be deficient in whatever antibacterial 
bodies are naturally present in the blood From Table II it is evident 
that there is no significant correlation of distribution of the antibacterial 
power of the blood with variations in the blood sugar There seems to 
be some factor in the diabetic, other than the blood sugar at the time of 
the determination, which influences the bactericidal effect 

A comparison of results of the methods using defibrinated and 
coagulable blood gave essentially similar results The same difference 
betiveen diabetic and non-diabetic bloods could be recognized in both 
The method with coagulable blood generally showed a slightly higher 
bactencidal titre than did the method with defibrinated blood 
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TABLE II 


Companion of organtms kilted by diabetic blood containing over 200 mgm and under 
200 mgm of sugar to those killed by non diabetic blood 


Bactcna killed by diabetic blood 
Bactena killed by non diabetic blood 

1 

10000 

B 

1 

100 

i 

10 

1 

10 

100 

1 000 

10 000 

B coli 








■ 


Under 200 mgm 



1 

8 

12 

6 




Over 200 mgm 



1 

9 

7 

2 


■ 


Pneumococcus 










Under 200 mgm 

2 

1 

5 

8 

8 

1 

1 



Over 200 mgm 


2 

3 

4 

6 

3 



1 

Staphylococcus aureus 










Under 200 mgm I 


5 I 

3 

11 

5 

4 

1 1 



Over 200 mgm | 


2 

2 

3 

1 

3 

2 



Streptococcus hemolyltcus 










Under 200 mgm 

2 

3 


3 

9 

4 




Over 200 mgm 

1 

1 

6 

2 

S 

2 


1 


Streptococcus vtrtdans 










Under 200 mgm 

2 

4 

2 


8 


1 



Over 200 mgm 

1 

2 

1 


6 

2 


1 



Comltisions Diabetic whole blood, regardless of the level of its 
blood sugar, has m general a weaker bactericidal property than has 
non-diabetic whole blood as tested by standard methods 

ANTIBODY FORilATION 

In addition to the presence of complement and natural amboceptor, 
immunity agamst bacterial infection is influenced by the ability of the 
body to form antibodies for specific infections In order to compare, 
the formation of an acquired antibody in diabetic and non-diabeticl 
persons, the response to typhoid vaccine was investigated 

Methods Three doses, 500 million, 1000 million and 1000 million 
respectively of B typhosus vaccine ‘ were given subcutaneously at 
intervals of seven days to 41 diabetic and 39 non diabetic persons 
Record was kept of the occurrence of local or general reactions in both 
series reactions, if present, being noted as slight, moderate or severe 

The vaccine used was freshly made in order to get the highest possible 
agglutinative titre in the blood It was given first to the diabetic 
patients and later to the non-diabetic controls There was probably 
very little difference in the potency of the vaccine in the tivo senes as 
the last inoculation was given within 8 weeks of the time of making 
the vaccine 

Blood for determination of agglutinative titre was taken 2 weeks and 
10 weeks after the last dose The titre was determined by Dreyer s (4) 
macroscopic method, using typhoid antigen killed and preserved by 

‘ Furnished through the courtesy of Lederle Laboratones Inc for this work 
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formalin The same strain of B typhosus from which the vaccine was 
made was procured from the makers for the purpose of making the 
antigen The same antigen was used throughout the 8 weeks Known 
positive and negative sera were run with each determination, the positive 
serum regularly clumping the antigen at a dilution of 1/20,480 

The non-diabetic controls consisted of the entering class of nurses 
at the Methodist Episcopal Hospital m Philadelphia The diabetic 
patients were ambulatory cases from the clinic, and varied m severity, 
though none were in such condition that giving the vaccine would be a 
dangerous procedure It was impractical to get the patients of the same 
young age group as the controls though most of the former were under 
40 years Frequent blood and urine examinations were made, and on 
the basis of these, as well as of the clinical condition, the patients were 
divided into three groups, namely, those in good, fair and poor clinical 
condition The first were those who had always a normal blood sugar 
with no sugar in the urine and who felt generally well The second 
group comprised those who were m fair condition and who more or less 
successfully maintained their diets, their blood sugar levels lay between 
140 and 200 mgm per 100 cc , and glycosuria was sometimes present 
The third were those who always had a blood sugar over 200 mgm ' and 
sugar in most, if not all, of the urine specimens 


TABLE in 

Aggluhnahve hire of dxahehc pahents and non-dxahehc controls 



1/20 

1/40 

1/80 

! 

1/160 

1/320 

1/640 

1/1280 

1/2560 


nn 

Bii 

1/20480 

2 weeks after vaccine 

Non-diabetics 

■ 

■ 


1 ! 

1 


1 

4 

6 

7 

20 

Diabetics 

■ 

■ 

1 

2 

2 

6 

7 

5 

10 

6 

2 

Good clinical condition 

■ 

■ 





3 

1 

1 

2 

1 

Fair clinical condition 





1 

2 

2 

3 

6 

4 


Poor clinical condition 

1 

■ 

1 

2 

1 

4 

1 

2 

1 

3 


1 


10 weeks after vaccine 


Non-diabetics 

■ 



■ 

1 



4 

11 

19 

Diabetics 

■ 

1 

4 

B 

6 


15 

4 

3 


Good clinical condition 

■ 



B 

1 

1 

4 

1 



Fair clinical condition 

■ 


1 

B 

2 

2 

9 

2 

2 


Poor clinical condition 

1 

H 

3 

B 

3 

3 

2 

1 

1 



Results In Table III are shown the results of the agglutination 
tests It IS quite evident that there is a marked difference in the titre 
of the diabetic and non-diabetic series at the end of both 2 weeks and 
10 weeks Fifty per cent of the non-diabetics agglutinated at a dilution 
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of 1/20,480 compared with 5 per cent of the diabetics, and 84 per cent of 
the non diabetics agglutinated at 1/5120 or above, compared with 44 
per cent of the diabetics ^ The persistence of titre of the serum for 8 
weeks is much less in the diabetics than in the non diabetics At the 
end of this time 81 per cent of the non diabeUcs were found to agglutinate 
at a dilution of 1/5120 or more compared with 7 per cent of the diabetics 
The effect of the high blood sugar on the formation of antibodies does 
not appear to be definite, though there is perhaps a slightly less effective 
formation in the patients whose diabetic condition is described as poor 

The author ivishes to acknowledge with thanks many helpful criticisms 
and suggestions by Dr Herbert Fox and Dr J Harold Austin Thanks 
are due also to Miss Elizabeth F Barth, Miss Peggy C Kostal and 
Miss Jessie Paul for technical assistance 

SUMMARY 

Complement in the blood of diabetic patients does not differ in 
amount from that in the blood of non-diabetics This is true whether 
or not infection is present 

The antibacterial power of the blood of diabetic patients as measured 
by standard methods tends to be less than that of non diabetics 

Diabetic patients are less able than non diabetic controls to form 
agglutinins following their inoculation with typhoid vaccine 

From these studies it appears that any deficiency in the antibacterial 
reactions of the blood of the diabetic comes rather from impairment of 
the amboceptor than from any lack of amount or activity of the comple- 
ment This 13 true of both the natural amboceptor as shown by the 
bactencidal test, and of the acquired amboceptor, as shown by formation 
of agglutinins 
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A NOTE ON THE CALCULATION OF WATER EXCHANGE 
By L H NEWBURGH F H WILEY and M W JOHNSTON 
(From the Department of Internal Medtane Medical School, University of Michigan') 

(Received for publication July 13, 1933) 

In a recent publication (1), Peters, Kydd, and Lavietes have “simpli- 
fied” the method proposed by Newburgh and Johnston (2) for deter- 
mining water exchange Later publications from this laboratory (3), in 
which It was shown that the calculation of heat production directly from 
the insensible loss of weight is not accurate, have an important bearing 
on the suggestion of Peters, Kydd and Lavietes who propose to calculate 
heat production directly from the insensible loss of weight by means of 
their Equation 2 

1 301 (I L ) -t- 19 27 = Cal per l^ur, 

where I L expresses insensible loss of weight per hour This equation 
IS derived from the data of Benedict and Root (4), who demonstrated 
the fact that the insensible loss of weight is roughly proportional to the 
heat production in the basal state 

We have found that this relationship is not quantitative for long 
periods of varying activity during which food is ingested, because the 
R Q does not remain uniform, as it tends to in the basal state 

The nature of the insensible loss of weight may bd expressed alge 
braically as follows 

I L = H O -f CO. - O 

It IS obvious from the above equation that the only factor concerned m 
the dissipation of heat is the water that leaves the organism as vapor and 
carries with it 58 cal per gram We have dertionstrated that the heat 
lost m this way is 24 per cent of the total heat when certain precautions 
are in effect Hence, the relationship is one betiveen the vaponzation 
of water and heat rather than between the insensible loss of weight and 
heat While the water vapor is a component of the insensible loss of 
weight, there is no strictly quantitative relationship between the two, 
as may be seen from the following table 


R.Q 
1 00 
0 82 
0 707 


Water Vapor 
Sra?nr/.4 hrs 
978 
978 
978 


IL. 

Sramsl34 hrs 
1193 
1054 
940 
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When the heat production calculated by the method proposed by us 
IS compared with the “simplified” method advocated by Peters and his 
associates, the following values are obtained 


RQ 

According to 

According to 

Newburgh et al 

Peters et al 


CallSJ^ hours 

CaljBi hours 

100 

2367 

2116 

0 82 

2367 

1833 

0 707 

2367 

1403 


Therefore the Equation 2 of Peters, Kydd and Lavietes entails a serious 
error which limits the value of the subsequent equations that depend 
upon the validity of this one 

We agree with Peters, Kydd and Lavietes that preformed water 
should not be included in the water balance if one follows the standard 
practice in regard to balances However, consideration of preformed 
water, as employed by Newburgh and Johnston, gives information that 
could not otherwise be obtained They desired to secure a precise 
statement of the expected change in body weight m response to any 
given diet It seemed proper to assume that, m the adult subject, 
there is an optimum value for the total volume of the circulating fluids 
The water of the body is either part of this circulating fluid or of the 
protoplasm It is generally recognized that, m the absence of disease, 
the per cent of water in the protoplasm is constant Hence, any change 
in body weight that was not explained by change in the mass of proto- 
plasm (i e solids plus their associated water) , would be attributable to 
change in the volume of the circulating fluids This latter phenomenon 
would then be a departure from the theoretical optimum To evaluate 
this response, it was necessary to know how much water was to be 
apportioned to the gain or loss of protoplasmic solids This increment 
of water was accordingly added algebraically to the sources of water, 
and was called “Preformed Water ” Newburgh and Johnston were not 
concerned with the question whether such water is “free” or “bound ” 
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THE RATE OF EXCRETION OF URINE IN SUBJECTS WITH 
DIFFERENT AMOUNTS OF RENAL TISSUE* 

By DAVID A RYTAND MD 

{From the Department of Mediane, Stanford University School of Medicine San Francisco) 
(Received for publication August 9 1933) 

In the vast literature on renal function, there is to be found only one 
method proposed as an indirect means of measuring the mass of function- 
, , A,, rv . /Urea in one hour’s unne 

mg kidney tissue, namely, the Addis Ratio (1) (^Ureain 100 cc of Woo'd ’ 

under certain special conditions of diuresis and high blood urea concen 
tration) That this method is an accurate index of functioning renal 
tissue has been shown by several considerations, summanzed by MacKay 
(2) In each of three species (rat, rabbit, and dog) the value of the 
Ratio bears a direct linear relationship to the actual weight of the kidneys 
In man, a similar relationship has been demonstrated between the Ratio 
and body surface, while body surface and fadney weight are in turn m 
straight line association 

The purpose of this paper is to study in man the relation between 
the amount of functioning renal tissue (as measured by the Ratio) and 
the volume of urine per unit of time under conditions designed to induce 
‘‘minimum” and ‘‘maximum” rates of excretion* MacKay and 
MacKay (3) have already demonstrated the relation between the blood 
urea concentration and the amount of functioning renal tissue (similarly 
measured) 

LITERATURE 

Under stnngent conditions of (a) urea and water administration and 
(6) withdrawal of dietary flmds Addis (4) found in man a relationship 
between the amount of kidney tissue and the rates of urine excretion 
He suggested that the disturbing influence of extra renal factors on the 
excretion rates might be dimmished by using a “volume quotient” (the 
quotient obtained by dividing the “maximum” volume per hour by the 
“minimum" volume per hour) with which to predict kidney mass 

Experimentally, the amount of renal tissue has been altered by 
subtotal nephrectomy, ligation of renal artery branches, and ligation of 

* Supported by a grant from the Rockefeller Fluid Research Fund 

* It must be emphasized that no true minimum or “maximum” rate 
of unne excretion is attained These terms are used throughout this paper 
for brevity, and sigmfy that the conditions are such as to induce a slow or 
rapid rate 
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kidney poles Bradford (5) found in dogs a “considerable and practically 
permanent increase in the amount of unne passed ” after about two-thirds 
of the total kidney mass had been excised, after the excision of three- 
fourths of the kidney mass, the polyuria was more marked Mark (6), 
also in dogs, found that there was a reduction in the “maximum” rate 
of urine excretion when only small amounts of kidney remained, while 
the “minimum” rate of excretion increased Chanutin and Ferns (7) 
observed the rate of urine excretion when water intake was restricted in 
rats after kidney pole ligation Table 1 shows the mean values derived 
from their protocols 

TABLE 1 


''Minimum" rate of urine excretion in rats from which portions of the kidneys had been 
removed by pole ligation (After Chanutin and Ferns (7) ) 


Kidney weight 
per cent of normal 

" Concentration test ' 

Cc per 24 hours 1 

1 

Specific gravity 

100 0 

24 

1058 

75 6 

10 8 

1024 

66 6 

15 0 

1 017 

31 2 

15 6 

1014 


As yet, no data have appeared showing in statistical terms how the 
rate of urine excretion is related to the mass of kidney tissue Obviously, 
It would be very useful clinically if one could predict renal mass merely 
by measuring the volume of urine excreted in a given time It was to 
determine whether this could be done that the present study was under- 
taken 

METHODS 

Five hundred and twenty-four sets of observations, collected in this 
laboratory during the past 10 years, were analysed by standard statistical 
methods (8, 9) In each set the data included the (o) Addis Ratio as 
per cent of normal, (6) maximum rate of urine excretion as induced by 
water and urea administration, and (c) minimum rate of unne excretion 
as induced by withdrawing liquids from the diet 

Subjects The subjects were, for the most part, ambulatory patients 
with Bnght’s disease of varying type, seventy, and duration (Some 
were normal as judged by the Ratio, urinary sediment, and absence of 
proteinuna ) Age varied from 9 to 63 years Body surface varied 
from 0 83 to 2 50 square meters, with a mean of 1 72 sq m The majority 
were males Many subjects were studied more than once 

Diet The diet varied with the type of the disease being treated 
Most subjects were taking a diet low in salt and adequate m protein 
and calones 

Edema A few subjects were seen when edematous and agmn in 
edema-free periods All observations were included in the analysis 
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Conditions Each subject received a copy of the following pnnted 
directions 

DIRECTIONS 

1 After breakfast take no fluids of any sort until next morning 

This means no coffee, tea soup milk, etc-, as well as no water 

2 At 9 00 P M that evemng void unne and throw it away 

Do not void for some hours before 9 00 P M so that you may have no 
difficulty in emptying the bladder completely 

After 9 00 PM if possible do not void urine again until next mormng, 
but if It is necessary pass the urine directly into the special bottle which is 
provided 

3 At 6 00 A M next mormng pass urine directly into the special bottle 

4 At 6 02 A M 1 e immediately after collecting the night urine in the 
special bottle, drink a large glass of water in which the urea in the box has 
been dissolved Then during the next half hour slowly dnnk three other large 
glasses of water The water may be taken hot if desired 

5 At 7 A M void and throw away urine Dnnk two glasses of water 
slowly 

6 At 8 A M void and throw away urine Drink two glasses of water 
slowly 

7 At 8 SO A M be in the laboratory 

8 Take no breakfast 


After the subject came to the laboratory, his urine was collected and 
measured for three consecutive hours and blood specimens were with- 
drawn at the middle of each collection period The rate of urea excretion 
(mgm in one hour's unne) and the concentration of urea in the blood 
(mgm in 100 cc ) were determined, from this data the Ratio was calcu- 
lated and expressed as per cent of normal for the subject's body surface 
( 1 ) 

Minimum volume The volume of unne excreted dunng the re- 
stnction of dietary fluids was divided by the elapsed time to obtain the 
rate of e-xcretion as cubic centimeters per hour This rate was adjusted 
to the mean body surface of the group (1 72 sq m ) before statistical 
analysis 

Specific gravity of the "concentration test ” The speafic gravity of 
the urine obtained dunng restnction of fluids was measured by a hy- 
drometer at room temperature No correction was made for proteinuria 

Maximum volume The maximum rate of excretion of urine in any 
one of the three hour periods during the execution of the Ratio was 
selected and expressed as cubic centimeters per hour Before statistical 
analysis, this rate was corrected to a body surface of 1 72 sq m The 
specific gravity of this urine was not recorded 


Volume quotient 

each of the 524 sets 
for surface area 


This variable 


maximum volume 
minimum volume 


was calculated in 


of observations, there was no need to correct it 


Statistical terms A few terms should be explained bnefly for those 
not faimhar with statistical methods (8, 9) 
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a Correlation coefficient (r) is a measure of the correlation of two 
variables when the means of the arrays fall upon a straight line, within 
the errors of sampling (An array is a row or a column of a correlation 
table ) 

b Correlation ratio (n) is a measure of the correlation of two variables 
without regard to the linearity of the means of the arrays The value 
of 7} given here is corrected m each case to allow for the influence of the 
number of the arrays (18) When f/P E r is greater than 3, is signifi- 
cantly greater than r, and may be used in place of r (f = ij* — ) 

c Standard deviation (a-) is a measure of dispersion or variation 
d Regression lines are lines formed by plotting the means of the 
arrays In this study curves have been fitted to them, when possible, 
by the method of least-squares In every correlation of two variables, 
there are two regression lines (one the means of the rows, the other the 
means of the columns) when they are at right angles, correlation is nil, 
when they coincide, correlation is unity It is important to bear in 
mind that the regression of a; on y allows x to be predicted when y is 
known , the regression of y on x allows y to be predicted when x is known 

RESULTS 

The results of the statistical analyses are presented m Table 2 , 
Correlation Tables 3-6, Regression Tables 7-10, and in Figures 1-5 

DISCUSSION 

General considerations The regressions were curvilinear (f /P E j- > 3) 
m the correlations of the Ratio with minimum volume, specific gravity 
of the concentration test, and volume quotient The only linear re- 
gression (f/P E {■ < 3) was found in the case of the maximum volume, 
which also showed the highest correlation with the Ratio 

On theoretical grounds one expects that, of two tests of function 
having the same correlation ratios ( 17 ) with the mass of functioning 
kidney tissue, the test which has the more linear regression with renal 
weight would be the better test clinically Thus, the correlation ratio 
(tj) of blood urea concentration with the Addis Ratio is — 0 90 (f/P E r 
= 4 3), but a study of the scatter diagram drawn by the MacKays (3), 
from which r) was calculated, shows that the mass of kidney tissue may 
decrease to as little as 50 per cent of normal before the blood urea changes 
appreciably in concentration Despite the high correlation ratio, the 
fact that the curve of the plotted observations is far from linear signifies 
that the blood urea concentration is an insensitive test of kidney mass 
The MacKays' curve, in fact, approaches the shape of a rectangular 
hyperbola, any variable which actually formed the latter curve when 
plotted against kidney weight would plainly be useless as a clinical test, 
even though the correlation approached unity 
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Therefore, the maximum rate of urine excretion, because it happens 
to have a linear regression and a comparatively high correlation with the 
Ratio, IS the best measure of kidney mass of those variables studied in 
this paper 

TABLE 2 


Staitsttcal charactertsltcs of llie Addis Ratio (per cent of normal) with minimum volume 
specific gravity of concentration test maxttnum volume and volume quotient The 
Addts Ratio ts denoted by x tn each instance the other vartabJe by y 


Charactenstic 

Almiinum voluae 

1 Specific enivlty 
coQCcatratlon test 

1 

Slaximum volume j 

Volume quotient 

r 

-0354±0 026 

[-H 0 530 ± 0 021 

+ 0 697 ±0 015 

+ 0 568 ± 0 020 

Vfv 

rJPEr 

-0 351 

-P0 577 

4 00 

' +0 710 

i 2 39 

+ 0 683 

744 

Vv 

f/PEr 

- 0 399 

3 23 

+ 0 554 

2 77 

+ 0 705 

1 84 1 


iif. 

62 53 ± 0 77 

62 53 ±0 77 

62 53 ± 0 77 

62 53 ± 0 77 

AT, 

31 83 ± 0 54 

10255 ± 0 0002 

4373 ±5 73 

17 95 ±0 36 


26 01 ± 0 52 

26 01 ± 0 52 ' 

26 01 ±0 52 

26 01 ±0 52 

(Tv 

18 22 ±0 38 

00072 ± 0 0001 

194 4 ± 4 05 

12 29 ± 0 25 

N 

524 

520 

524 

524 


Regression of Addis Ratio (per cent of normal) on minimum volume 
»» 78 628 - 0 505y 

Regression of Addis Ratio (per cent of normal) on specific gravity of concentration test 
* « I909y - 1896 

Regression of Addis Ratio (per cent of normal) on maximum volume 
X ^ 0 0933y + 21 728 

Regression of Addis Ratio (per cent of normal) on volume quotient 
« 75 3 + 0 1 243y - 60 S^e-^ 

Prediction of the amount of kidney tissue Figure 1 shows in line- 
chart form the most probable predictions of the amount of functioning 
kidney tissue (expressed as per cent of the normal Ratio) from a given 
rate of unne excretion under the conditions outlined above Each line 
in the chart represents the calculated regression line of the Ratio on the 
appropriate vanable 

In SO cases, the Ratio was predicted (by means of Figure 1) from 
the maximum volume, minimum volume, specific gravity of the concen- 
tration test, and volume quotient, the predictions were compared with 
the actual Ratios and the root mean square deviations (8) of the errors 
calculated The deviations were 29 8 for the minimum volume, 19 9 for 
the maximum volume, and 22 1 for both the volume quotient and the 
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TABLE 6 

Correlatton table Adits Ratto (per cent of normal) a nd volume quotient 

Addis Ratl£^- 1 >er cent of normal 
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PLACE A STRAIGHT-EDGE HORIZONTALLY AT THE GIVEN READING 
ON THE PROPER SCALE - THE PREDICTED ADDIS RATIO IS FOUND 
LATERALLY 

Fig 1 Line Chart for Predicting Addis Ratio from Minimum 
Volume (Cc /Hr /I 72 Sq M ), Maximum Volume (Cc /Hr /I 72 Sq M ), 
Specific Gravity of Concentration Test, Volume Quotient, and Blood 
Urea (Mgm /lOO Cc ) (Blood Urea line calculated from data of 
MacKay and MacKay (3) ) 
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fir- <ri-avitv These results mean roughly that the odds are 2 to 1 
:rS™ o? b«n^ >„.h.n ± 30 per c«.. • .1 .he <™ v.tae 

whe^the nummum volume is used, and within ± 20 per cent when any 
of the other variables are used to estimate renal mass 



AOOIS RATIO — % NORMAL 

Fig 2 The Regression Line of Maximum Volume (Cubic Centimeters 
/Hour/1 72 Sq M ) ON the Addis Ratio (Per Cent of Normal) 

Regression lines of the studied variables on the Addis Ratio The 
regression line of the maximum rate of urine excretion on the Ratio is 
shown m Figure 2 The means fall quite smoothly along a parabola, 
which when extended meets the origin The maximum rate begins to 
decrease almost as soon as kidney tissue becomes less than normal in 
amount the slight lag in response may be an artefact due to the small 

’ In per cent of the normal, not of the actual Ratio in any speahc instance 
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number of observations at 105 per cent of normal, or may mean that 
the stimulus is insuffiaent to provoke a maximal renal response 



Fig 3 The Regression Line of Minimum Volume (Cubic Centimeters 
/Hour/1 72 Sq M ) on the Addis Ratio (Per Cent of Normal) 

The behavior of the minimum rate of excretion of urine is shown m 
Figure 3 The curve is not so smooth, and is of a more unusual shape 
The capacity of the kidney to produce urine at a slow rate is not involved 
until about 40 per cent of renal tissue is removed, a polyuria then follows, 
reaches its height when only 25 per cent of tissue remains, and declines 
rapidly toward anuria as the mass of kidney disappears 

The regression line of specific gravity of the “concentration test” 
on the Ratio is given in Figure 4 As kidney substance is removed, the 
kidney is able to produce urine of high specific gravity until about 
20 per cent of the tissue is gone, the urine's specific gravity then rapidly 
decreases at a rate which does not slacken until only 30 per cent of the 
onginal kidney weight remams 
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The volume quotient may be looked upon as a measure of the adapta- 
bility of the kidney to diametrically opposite stimuli (to excrete urine at 
a "maximum” and at a "minimum” rate) Figure 5 shows that this 



Fig 4 The Regression Line of the Specific Gravity of the Concen 
TRAT iON Test on the Addis Ratio (Per Cent of Normal) 

adaptability is affected almost as soon as tissue is removed and decreases 
m a straight line until the kidney is able to excrete urine at only one rate 
regardless of the stimulus 
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0 20 ^0 60 80 100 
ADDIS RATIO — °/o NORMAL 


Fig S The Regression Line of the Volume Quotient on the Addis 
Ratio (Per Cent of Normal) 


The data for the four related regression lines are given in Tables 7 
to 10 


TABLE 7 


Regresstoji line of Addis Eaho {per cent of normal) on maximum volume 
{cubic centimeter slhour II 72 sq m ) 


Maximum 

Addis 

Number of 

volume 

Ratio 

observations 

40 

23 S 

15 

120 

31 2 

34 

200 

39 9 

48 

280 

47 1 

47 

360 

57 0 

75 

440 

69 7 

84 

520 

74 4 

74 

600 

73 9 

64 

680 

84 8 

41 

760 

88 5 

42 



524 
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TABLE S 


Regresspjn Um of Addts RaUo {per cent of normal) on 
{cubic centmeterslhourll 72 m ) 

mimmum volume 

Alinimum 

Addle 

Number of 

volume 

Ratio 

observatioua 

5 

S3S 

10 

IS 

72 7 

129 

25 

69 1 

161 

35 

57 8 

101 

45 

50 3 

48 

55 

53 6 

35 

65 

417 

20 

75 

42 0 

12 

85 


0 

95 

38 5 

5 

105 


0 

115 

22 5 

1 

125 


0 

135 

27 5 

1 

145 

12 5 

TABLE 9 

1 

524 

Rigresstart line of Addts Ratio (per cent of normal) on specific gravity of the 
concentration lest 

Specific 

AddU 

Number of 

gravltv 

Ratio 

obdervatlous 

lOOSS 

27 5 

1 

10095 

50 8 

3 

10135 

32 1 

48 

10175 

40 6 

60 

10215 

57 3 

81 

1 0255 

644 

108 

1 0295 

73 0 

113 

10335 

79 9 

77 

1 0375 

816 

23 

10415 

63 8 

4 

10455 

550 

2 

520 


TABLE 10 


Rigrtsstan line of Addis Ealto {per cent of normof) on volume quotient 


Volume 

Addb 

quotient 

Ratio 

3 

29 7 

9 

52 0 

IS 

69 5 

21 

72 9 

27 

75 8 

33 

80 0 

39 

82 0 

45 

87 5 

51 

. 800 

57 

73 5 

63 


69 

87 5 


Number of 
obeeivaUons 

88 

109 

99 

82 

67 

37 

19 

9 

6 

S 

0 

2 


324 
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SUilMARY AND CONCLUSIONS 

A statistical analysis was attempted in correlating the Addis Ratio 
(as a measure of the amount of functioning renal tissue) with the rates 
of excretion of urine under specified conditions designed to induce 
minimum and maximum rates of excretion 

Tests of function are discussed from the view-point of the shape of 
their regressions with the amount of functioning tissue which they are 
designed to measure The shape of the regression is at least as important 
as the correlation in determining the clinical value of the test 

The odds are 2 to 1 that the Ratio may be predicted within a range 
of zfc 20 per cent by means of urine excretion rates 

The behavior of the rates of excretion of urine with different amounts 
of kidney tissue as measured by the Ratio is described No explanation 
for the shape of the curves is given 

The author desires to thank Dr Thomas Addis for the kind permission 
with which his records were used, and for invaluable assistance in the 
preparation of this paper 
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SALT AND WATER IN THE TREATMENT OF 
DIABETIC ACIDOSIS 


By DAVID M KYDD 

(From the Department of Internal Medicine, Yale UmversUy, New Haven) 
(Received for publication June 30 1933) 

In a previous paper (1) the nature and causes of the bicarbonate 
deficit and other serum electrolyte changes m diabetic acidosis were dis- 
cussed from a theoretical standpoint, and disordered electrolyte patterns 
actually observed were analyzed in the light of this theoretical discussion 
It was pointed out that displacement of bicarbonate from combinations 
with base by ketone acids is a process which can be reversed completely 
with the contnbution from outside sources of nothing except the ability 
to bum carbohydrate Base in combination with ketone acids may be 
considered potential bicarbonate On the other hand, the loss of base 
with ketone acids in the unne introduces an irreversible process, because 
base for the replacement of that sacrificed must come from external 
sources Such base deficiences may become quite extreme, but ordinarily 
they are small compared with the deficiences of base combined with 
chloride The actual extent of the body chloride losses is hardly evident 
from the concentrations of this ion found in the serum, because it is 
masked by contractions of the body fluids Such a contraction brought 
about by loss of water m excess of dissolved salts will increase the con- 
centration of chloride more than it will that of bicarbonate, because the 
body fluids contain more chlonde than bicarbonate In observed cases, 
the actual reduction of chlonde concentration in the serum usually ex- 
ceeded that of bicarbonate plus undetermined acids (which for con- 
venience was called 5 and represents the actual plus potential bicarbonate 
mentioned above) If loss of body flmds is taken into consideration it is 
obvious that the actual loss of chloride must far exceed that indicated by 
the reduction in concentration The deficiency of base, of course, exceeds 
that of either chloride or S, because it represents the sum of the tivo base 
fractions In some instances, with S well preserved, the reduction of 
chloride concentration exceeds that of base This has been interpreted as 
evidence that the chloride ion, instead of the bicarbonate ion, has yielded 
base for the neutralization of ketones, a reaction which would seem to be 
neither useful nor chemically possible It was pointed out that if equal 
amounts of base and chloride were excreted and the body fluids were at 
the same time diminished by a disproportionately large elimmation of 
water, the reduction m concentration of chlonde would exceed that of 
Si 1169 
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base, because contraction of fluid volume would increase base concentra- 
tion more than chloride It was suggested that this is a more hkely 
explanation of excessive chloride deficits than the previous theory that 
the chlonde ion is excreted with ammonia to provide base for the 
neutralization of ketones 

The present paper is intended to analyze the clinical and therapeutic 
implications of these theories m the light of observations made in a series 
of patients during recovery from diabetic acidosis The clinical material 
consists of twenty-five patients on whom studies of blood sugar together 
with total acid-base equilibrium of the serum were made at frequent 
intervals by the methods usually employed in this department (2) In 
certain instances urine was analyzed for total base or chloride or both 
The intakes of fluid, sodium, chloride and glucose were usually measured 
Records of output are seldom so complete, because urine specimens and 
vomitus were frequently lost Of these twenty-five patients, thirteen 
are discussed below The remaining cases so closely resembled those 
reported that the inclusion of additional data does not seem warranted 

In the discussion that follows it is assumed that insulin and carbo- 
hydrate were given to all cases with the intention, at least, of re- 
establishing glucose combustion and thereby eliminating ketosis as 
rapidly as possible If this aim is realized, base previously combined with 
the ketone acids will be released to form bicarbonate There can be no 
difference of opinion concerning the objective of therapy m this respect 
Differences in the means of securing this objective will be discussed in 
another connection The chief concern of the present study is the nature 
and quantity of fluids and salts which it is advisable to give For the 
most part treatment actually employed has been the administration of 
large amounts of sodium chloride and fluids together with carbohydrate 
When patients have been able to take these materials by mouth the 
sodium chlonde has been given chiefly in the form of non-nutritive broth 
containing 1 per cent of this salt, the carbohydrates as sweetened drinks 
containing about 10 per cent of sugar In addition, liberal amounts of 
water have been permitted When oral feeding was impossible 0 9 per 
cent sodium chloride and 5 per cent glucose solutions have been given 
subcutaneously or intravenously, and occasionally stronger glucose 
solutions intravenously The salt solution is intended to restore the 
volume of the body fluids and to remedy salt depletion Glucose solution 
serves two purposes 1 It provides carbohydrate for combustion and 
replenishment of glycogen stores 2 It offers a medium for the parenteral 
administration of water without salt Normal salt solution provides 
sodium in concentration approximately equivalent to that of total base 
in body fluids In respiration and insensible perspiration there is a 
continuous wastage of fluid without any appreciable quantity of salt 
Unless the kidneys, then, excrete base m concentration exceeding that of 
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body fluids, administration of normal saline alone would raise base in 
the body fluids to an abnormally high level To obviate this difficulty, 
m addition to the saline, enough water should be given to provide for 
losses by extrarenal channels Glucose solutions answer this purpose 
because the glucose can be oxidized, leaving only the water 

The analysis of the data presented is complex not only because of the 
large number of vanables with which it is necessary to deal, but also 
because the serum analyses Eue concerned with concentrations of sub 
stances and give no direct information as to total amounts of fluids and 
solutes in the body In a preceding article the average compositions of 
body fluids m normal subjects and patients with diabetic acidosis were 
compared (1) In Figure 1, diagrams A and B represent schematically 



Fig 1 Diagrasimatic Representation of the Chief Electrolyte and 
Water Changes that Occur in Diabetic Acidosis 

The width of columns B and C represents roughly the total body fluid 
volume compared to the normal A 

the tivo conditions As far as concentrations are concerned they are 
quite realistic because all values are derived from observed data The 
25 per cent reduction of body fluid m B represents little more than a 
guess, because the actual extent of fluid losses during the development of 
diabetic acidosis has not been established Diagram C represents the 
electrolyte concentrations of B reduced by dilution to the original fluid 
volume found in A Thus C represents the actual salt losses found in 
diabetic aadosis It emphasizes the necessity of having some measure 
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of dehydration m order that electrolyte concentrabons determined after 
various forms of therapy may be adequately compared with the initial 
concentration In a previous paper (3) the relation of the serum proteins 
to hemoconcentration has been discussed It was pointed out that, 
except in the presence of shock, the fall of serum proteins from their 
initially high values probably is associated with, even if it is not exactly 
proportional to, restitution of body fluid In the absence of a better 
and more exact method, the drop in the level of the serum proteins has 
been used in the succeeding discussion as one measure of body fluid 
change Knowing the fluid and salt balances of an individual during a 
period of time, the changes that occur in the serum electrolyte concentra- 
tions afford another measure of body fluid change, if isotonicity of all 
the body fluids be assumed It is only by correlating concentrations of 
electrolytes with changes in body fluid volume that the extent of the 
original depletion of the salts and their replacement during recovery 
become apparent 

The analytical data obtained in thirteen of the cases investigated are 
presented in Figures 2 and 3 The bottom row of diagrams in these 
figures represents the serum electrolyte concentrations found Total 
base IS not shown, but equals the total height of the acid column in each 
case The top row of diagrams presents the data recalculated to take 
into account water change This was accomplished by using the changing 
serum protein concentrations as an index For example, in Case 60404, 
the initial serum protein concentration was 18 9 m Eq and the final, 
13 9 m Eq Assuming that no protein was lost or gamed, the serum 
volume must have increased 35 9 per cent All the electrolyte con- 
centrations found at the time of the first determination have been reduced 
35 9 per cent in order to eliminate changes in concentration due to differ- 
ences in the amount of water present Thus the initial chloride con- 
centration of 98 2 m Eq becomes 69 3 m Eq Each deternunation has 
been compared to the final one in order that the approximate amounts of 
each ion added could be ascertained The amount of salt in the intake 
and in the urine and vomitus are expressed in milhequivalents Chloride 
was given in the form of sodium chloride, so that equal amounts of sodium 
and chloride were given 

In analyzing the data, not only must the effect of changing body water 
content on the concentration of the electrolytes be evaluated, but also the 
results of vomiting and nausea must be ascertained Unfortunately, 
vomiting, or at least nausea, is one of the most frequent events during 
the course of diabetic acidosis Individuals who are vomiting are 
obviously losing from the body varying amounts of salt and fluid They 
have in the intestinal tract a large volume of fluid which, although 
isotonic with the body fluids m general, may be of entnely different com- 
position in regard to particular ions Fluid placed in the gastro-in- 
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testinal tract eventually becomes isotonic This is true not only in 
individuals who are actually vomiting but also in those who are nauseated 
When, dunng recovery, the gastro intestinal symptoms dimmish, this 
fluid IS reabsorbed into the mass of body water These facts explain 
otherwise incomprehensible alterations in salt concentrations and fluid 
balances, observed dunng recovery, which are not related to the amount 
of salt and fluid immediately taken into the body or excreted Case 
29176-1 furnishes a qualitative example of these changes In the first 
eight hours the patient received 2050 cc of fluid with 154 m Eq of sodium 
chloride Throughout this time he was vomiting or was nauseated 
The water content of the blood was apparently maintained, but base and 
chloride concentrations diminished, 5 remained constant In the next 
10 hours his nausea disappeared Although he received only 850 cc of 
fluid with no salt dunng this period and passed 1820 cc of urine, there 
was about a 10 per cent blood dilution with a marked rise of serum 
chloride The concentration of base in the serum remained the same, 
but as the recalculated diagram shows, the total amount of base actually 
increased The most reasonable explanation of these changes seems to 
be that fluid was first poured out into the alimentary canal, and then 
reabsorbed This subject forms a part of a general discussion of water 
balance to be reported by Lavietes, Kydd and Peters (4) 

In order to test the effect of varying therapy the individuals have been 
divided into four groups 1 The patients who were treated with insulin 
and carbohydrate alone 2 The patients who were given fluids m 
addition 3 The patients who received varying amounts of salt in addi 
tion to the therapy used in I and 2 4 The patients who received 

bicarbonate as well as salt, fluid, carbohydrate and insulin It has 
already been stated that the proportions of insulin and carbohydrate 
used will not be discussed in this paper 

1 Treatment without salt and fluids 
Case 48711-1 was given enough fluid (as carbohydrate drinks) barely 
to equal the amount of urine that was formed She received no salt 
Initially she had a rather high undetermined aad in the serum, pre- 
sumably mostly ketones, while 5 was only moderately reduced With 
this form of therapy the body fluids evidently became somewhat more 
contracted, as the total base and chlonde rose slightly m the first five 
hours The ketones rapidly diminished, but ,5 also decreased There- 
fore, although Its excretion was not measured, it can be inferred that base 
was excreted COj rises because of loss of fluid and also because of the 
base liberated from ketones and not excreted Dunng the next five 
hours the patient received slightly more fluid, but still an insufiicient 
amount S is maintained, the undetermined acid fraction is still further 
reduced and COj augmented by an equal amount In bnef, dehydration 



1176 


DIABETIC ACIDOSIS 


IS not overcome and the increase of CO 2 that is observed is due to replace- 
ment of the ketones that have been burned and to fluid depletion The 
excretion of chloride is very small, 3 m Eq Although base excretion was 
not quantitatively determined, the ketones in the urine, evidenced by a 
heavy nitroprusside reaction, probably carried base with them De- 
pletion of electrolytes must have continued throughout the period of 
study in this individual, but its effects on the serum were masked by the 
simultaneous loss of fluid The increase of bicarbonate consequently 
gives a speciously favorable impression of the efficacy of a therapeutic 
course which was obviously unsatisfactory if its aim was the restoration 
of a normal internal environment 

2 Treatment ■mth fluids alone {Cases 81042, 29176-1) 

There are no cases that received fluids entirely without salt The 
cases listed in this group received less salt than they excreted Case 
81042 was given 2120 cc of fluid and only 46 m Eq of chloride during a 
period of eighty-two hours in which she excreted 975 cc of urine con- 
taining 86 m Eq of chloride No figures for the excretion of base are 
available The serum proteins drop from 8 09 per cent to 6 92 per cent, 
evidencing adequate hemodilution The CO 2 concentration rises because 
of displacement of ketones Total base and chloride fall, not only because 
dilution takes place, but because chloride at least was lost in the urine 
Base falls farther than chloride because, since its concentration is higher 
in the serum, it is more affected by dilution This phenomenon is dis- 
cussed in detail elsewhere This therapy causes dilution of the electro- 
lytes Any augmentation of CO 2 which occurs is referable only to the 
base liberated by burning ketones Again, consideration of bicarbonate 
alone gives an erroneous impression of the results of therapy, and 
especially of its effects on base 

3 Treatment with varying amounts of salt and fluid {Cases 90339, 53990, 

81832, 23514, 60404, 71954-2) 

This has been the accepted mode of treatment and most of the cases 
reported fall within this group The diagrams of individuals exhibit 
responses of great variability because of differences in initial electrolyte 
and fluid depletion, the proportions and amounts of salt and fluid given, 
the amount of vomiting and nausea and the quantities of fluid and salt 
excreted 

Case 90339 had in the serum an initial chloride concentration of 
97 m Eq with a total base of 142 8 m Eq During the first twenty-two 
and three-quarter hours she received (4792 cc ) more fluid than she 
excreted Her salt intake was 548 3 m Eq of sodium, 28 8 m Eq of 
potassium and 535 2 m Eq of chloride She excreted 90 7 m Eq of 
sodium, 516 m Eq of potassium and 93 7 m Eq of chloride With this 
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therapy the serum chlonde concentration rose to 106 m Eq Serum COj 
rose because bicarbonate replaced the ketones that were burned and S 
also increased slightly This is not easily apparent from the concentra- 
tions observed, but becomes so when the extent of original fluid loss, 
which IS represented in the diagram, is considered Dunng the ensuing 
twenty four hours she received 1873 cc of fluid more than she excreted, 
together with 286 m Eq of sodium and 283 m Eq of chloride, of which 
she excreted 52 and 107 8 m Eq respectively At the end of this time 
her chloride had risen to 118 m Eq notwithstanding further dilution 
Base was now normal, 150 2 m Eq COj, however, had only risen 3 
m Eq and was still very low, 17 8 m Eq Despite the distorted electro- 
lyte pattern observed at the end of the study, the patient, aside from 
exhaustion, had felt entirely well for more than twenty four hours 

Case 53990 on admission was vomiting profusely and was markedly 
dehydrated Vomiting and nausea ceased soon after therapy was 
mstituted During the first three and one half hours he received 2580 cc 
of fluid with 258 m Eq of sodium chloride Although the ketones 
diminished, COj fell, presumably because of the continued heavy excretion 
of the former together with a certain amount of base In the recalculated 
diagram it is observed that 5 fell 8 m Eq , whereas total base fell 4 8 m Eq 
and chlonde rose 3 4 m Eq The amount of sodium chlonde added to 
the serum was apparently insuflacient to replace the base and ketones 
lost Dunng the next nine hours very little sodium chloride was given, 
34 m Eq Despite slight retention of fluid, chloride and total base rose 
rapidly m a parallel fashion COj was increased by further ehmmation 
of ketones Because of the low intake during this penod these changes 
can be interpreted only as the result of absorption of fluid from the 
gastro intestinal tract 

Case 81832 was also given large amounts of salt and fluid In this 
case salt depletion was not extreme The effect of the treatment was to 
cause dilution of the serum with a marked increase of base and chloride 
If the observed changes in the electrolytes in this case are recalculated 
with consideration of the dilution indicated by the diminishing serum 
proteins, it is found that equal amounts of sodium and chlonde have been 
retained The increase in CO 2 has been almost entirely at the expense 
of ketones In Case 71954-2 the initial serum chloride is high, but base 
IS very low, as are the undetermined acids In the course of thirteen and 
one quarter hours he received 4010 cc of fluid more than he excreted and 
retained 505 m Eq of chloride The large amount of fluid given caused 
extreme dilution of the serum Base slowly nses Chloride, after an 
initial nse, returns almost to its onginal concentration Unfortunately, 
no base excretion figures are available, but, as 5 slowly increases, chloride 
must have been excreted m equal or greater amounts than base Because 
chlonde concentration m serum is greatly less than base an excretion of 
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equal auiounts of each will cause a relative increase in serum base con- 
centration 

The administration of both sodium chloride and water permits res- 
toration of base and body fluids Hyperchloremia often results and 
bicarbonate may remain low However, these abnormalities of the 
electroljde pattern do not seem to have any deleterious effects as far as 
one can judge from objective and subjective clinical signs 

4 Treatment vnth fluid, sodium chloride and sodium bicarbonate {Cases 
29176-2, 71954-3, 85138, 29176-3) 

Sodium bicarbonate was given to four cases, but no conclusive results 
were obtained Case 29176 during the first four hours received 119 
m Eq of sodium bicarbonate, 285 m Eq of sodium chloride and 2650 cc 
of fluid Serum base rose from 141 to 151 m Eq , chloride from 93 2 to 
95 6 m Eq S rose from 23 8 to 36 3 m Eq , but CO 2 rose only from 6 7 
to 12 0 m Eq , indicating a very considerable increase in the undetermined 
acids During the next four hours no more bicarbonate was given 
Further dilution took place Base concentration fell, as did S, but the 
undetermined acids were greatly reduced, so that CO 2 rose The chloride 
concentration rose to normal, 101 8 m Eq These changes become more 
comprehensible in the upper figures, where body fluid changes are taken 
into consideration It is then apparent that during the first four hours 
CO 2 increases because of an accession of total base During the second 
four hours CO 2 replaces the ketones and total base and chloride are 
added in about equal quantities The reason for the increase m ketone 
acids after bicarbonate administration is obscure It is known that 
bicarbonate will increase the excretion of ketones and m this case qualita- 
tive ketones persisted m the urine for a longer period than was expected 
It IS conceivable that the ketones came from the cells in response to the 
addition of base to the extracellular fluids 

In Case 71954-3, 107 m Eq of sodium bicarbonate, 247 m Eq of 
sodium chloride and 3800 cc of fluid were given in eight hours He 
developed a hyperchloremia and the concentration of CO 2 rose only by 
virtue of the base liberated by oxidation of ketones This patient was 
vomiting on admission and nausea continued for more than three hours 
That he then absorbed from his stomach considerable free hydrochlonc 
acid, part of which had been neutralized by the small amount of bicar- 
bonate given, would provide a plausible explanation of the data In 
Case 29176-3 much the same phenomena occur In the last period of 
four hours 71m Eq of sodium bicarbonate without any chloride were 
given During this four hours chloride and base rose The concentra- 
tion of CO 2 increased from 10 8 to 20 5 m Eq , but the concentration of 
undetermined acids fell from 20 7 to 6 6 m Eq , so that S actually 
dimimshed The sodium bicarbonate given was more than neutralized 
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by the contents of the gastro intestinal tract while the individual was 
nauseated The vomitus secured for analysis contained 33 6 m Eq of 
total base and 40 4 m Eq of chloride Case 85138, in four hours, re- 
ceived 1810 cc of fluid, 155 m Eq of sodium chloride and 95 m Eq of 
sodium bicarbonate S remained constant The recalculated diagram 
shows that equivalent amounts of total base and chloride were added to 
the serum Undoubtedly, sodium bicarbonate was not given in suffi- 
ciently large amounts to produce a demonstrable specific effect upon 
serum bicarbonate 

DISCUSSION 

The cases are complicated by differences m initial salt and water 
depletion, the occurrence of vomiting or nausea, and variation in renal 
function, as well as by the type of therapy used However, certain 
inferences can be drawn from analysis of the data Treatment with 
carbohydrate and insulin alone is unsatisfactory It does not supply the 
elements that have been wasted by the body Dissipation of saltless 
water by means of insensible perspiration and of salt and water through 
renal activity and vomiting continue These processes lead to a con- 
centration of all the solutes in the interstitial fluids If the initial loss of 
salt is small, the concentrations of serum electrolytes may appear sur- 
prisingly normal unless the degree of body fluid loss is considered 
Treatment with fluid without salt is also unsatisfactory Dilution 
occurs, making the salt depletion even more apparent In either in- 
stance, changes in the concentration of CDs do not indicate any essential 
improvement in the patient's condition 

The CO may rise further when no fluid is given because the body 
fluids become more concentrated Nevertheless, administration of fluid 
at least has the advantage of combating, to some extent, dehydration 
In both cases increases of COj are derived only from base liberated by 
combustion of ketones, while the actual base content of the body must 
suffer loss through urine and vomitus 

Since sodium, the major basic ion of intestinal fluids, cannot enter 
cells, the nsing osmolar concentration of extracellular fluids that occurs 
when no salt and no fluid is given, must force the cells to give up water 
Atchley, Loeb, Richards, Benedict and Driscoll (5) showed that during 
development of the dehydration of diabetic acidosis intracellular as well 
as extracellular fluid is lost, so that further concentration is even more 
undesirable If fluid without salt be given, the osmotic concentration of 
the extracellular fluids would dimmish, forcing the cells to imbibe water 
or perhaps to lose base. Carried far enough this would lead to complete 
disruption of the internal environment 

The importance of replacing the salt and flmd lost from the body has 
already been discussed in a previous article (3) in relation to shock and 
to the contmuance of the stupor and other clinical symptoms The rapid 
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recovery of Case 82529, without any change m the concentration of serum 
bicarbonate, under the mfluence of parenteral administration of normal 
sodium chlonde solution, was cited 

Three cases have been cited in which salt and fluid in varying amounts 
produced electrolyte patterns that were distorted and yet were more in 
keeping with a normal internal environment than most of the patterns 
resulting from either of the other forms of therapy discussed Hyper- 
chloremia with a continuously low CO 2 concentration is frequently ob- 
served This IS shown strikingly in Case 90339 After forty-seven 
hours the serum of the patient had a chloride concentration of 118 m Eq 
and a CO 2 concentration of only 17 8 m Eq The concentration of her 
serum base was, however, normal, 150 6 m Eq That this distortion is 
caused by a dilution of the serum with sodium chloride solution has 
already been pointed out In diarrhea of infants, m which base is lost 
in excess of chloride, Hartmann (6) has claimed that treatment with 
sodium chloride and water alone is unsatisfactory because it gives rise to 
hyperchloremia and still further depresses bicarbonate However, the 
depression of bicarbonate caused by sodium chlonde is not due to dis- 
placement of one acid by the other, but to dilution of the bicarbonate by 
chloride solution Hoag and Marples (7) have further pointed out that 
hyperchloremia occurs only when the amounts of chloride solution given 
are too small to ensure an adequate flow of urine The effect of renal 
activity is shown by Case 71954-3 During the first eight hours the 
serum chlonde concentration rose from 98 5 to 106 6 m Eq , although the 
base concentration remained constant at 140 m Eq During this period 
the excretion of total base, 22 2 m Eq , almost equalled the excretion of 
chloride, 24 9 m Eq Although his CO 2 concentration at this time was 
only 14 3 m Eq the patient was entirely asymptomatic During the 
next sixteen hours 184 1 m Eq of chloride were excreted with only 31 1 
m Eq of base Unfortunately the electrolyte concentrations were not 
detenmned at the end of this time 

The presence of an extremely small chloride excretion at the time when 
hyperchloremia exists in the serum is also illustrated by Case 60404 
Serum chloride concentration rose from 95 2 to 105 m Eq in five hours 
During this period 260 m Eq of chloride were administered but only 
8 m Eq were found in 556 cc of urine Extraordinary serum chloride 
concentrations are seen after clinical recovery In Case 23514 the final 
chlonde concentration was 120 7 m Eq Hartmann and Smyth (8) 
found that in pyloric obstruction, when chloride became depleted, 
patients, m spite of the retention of abnormally large amounts of CO 2 , 
excreted acid urine and thus maintained a normal concentration of base 
m the body flmds In recovery from diabetic acidosis, under administra- 
tion of sodium chloride, the reverse obtains Until a normal base con- 
centration IS restored, the excretion of chloride remains low, even when 
serum chlonde has been dnven to an exceedingly high level 



DAVID M KYDD 


1181 


Despite the low COj concentration and the existence of hyper- 
chloremia, the patients are entirely free of symptoms, provided that 
fluid and base requirements have been satisfied In no case has the 
actual minute volume of respiration been determined, but in all cases 
which have progressed to this point, all visible hyperpnea has dis 
appeared, although the bicarbonate concentration may be still as low as 
that observed in patients who, during the development of acidosis, 
suffered from extreme air hunger The maintenance of a low alveolar 
COj tension with constant COj production must, undoubtedly, necessitate 
increased breathing However, even a SO per cent reduction of COn 
tension, once established, requires only 100 per cent overventilation, a 
degree of hyperventilation that is hardly noticeable Furthermore, 
dunng recovery the COj tension is rising It would seem that the 
restitution of volume and ionic concentration of the body flmds is of prime 
importance, whereas, the replacement of individual anions to recreate 
the normal pattern is of secondary importance This rearrangement may 
not occur until long after the disappearance of all untoward symptoms 
and reactions Field (9) and others have asserted that the bicarbonate 
deficit itself inhibits glucose utilization and have advanced this as a 
reason for administration of bicarbonate In physiologic or clinical 
studies no basis for such an assertion is to be found It has been demon- 
strated that administration of acidifying salts does not impair oxidation 
of sugar (10) In fact, Haldane (11) and others claim that it has an 
accelerating action on such oxidations In other diseases with com- 
parable acidosis, for example, nephntis, carbohydrate combustion seems 
not to be affected Furthermore, it has been observed in the present 
series that utilization of sugar during recovery from diabetic acidosis may 
advance to the appearance of hypoglycemia while bicarbonate is still 
greatly depleted In patient 79156 the blood sugar fell in successive 
observations from 427 to 277 to 117 mgm per cent with corresponding 
bicarbonate values of 3 2, 6 4 and 9 7 m Eq During this period of 6 5 
hours he received more than 80 grams of sugar There can be no doubt 
that he was burning carbohydrate rapidly at the time of the second and 
third blood examinations, although the bicarbonate was shll at levels 
usually associated with coma 

Hartmann and Darrow (12) have presented a more logical argument 
for bicarbonate administration It is evident from the serum electrolyte 
patterns at the height of acidosis that the concentration of 5 is, in many 
cases, diminished The actual quantity of 5 must, of course, be even 
more depleted by loss of body fluids That hyperchloreima develops 
when sodium chloride solution is given in the attempt to replace this 
deficit has already been demonstrated In order, then, to restore the 
normal electrolyte pattern as speedily as possible, administration of 
bicarbonate would seem advisable However, dilution of the extra- 
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cellular fluids with sodium bicarbonate solution alone would cause greater 
distortion of the pattern than would dilution with sodium chloride, 
because of the difference in concentration of chloride and bicarbonate 
found in normal serum Hence, a combination of the two salts should 
be given It has already been stated that the amounts of sodium 
bicarbonate that were given to patients in this series were too small to 
permit any adequate deductions 

To be effective, large amounts of this salt would have to be given 
Administering the salt by mouth is usually impossible because of the 
frequent occurrence of nausea and vomiting This necessitates dis- 
continuing all oral feeding and resorting entirely to parenteral administra- 
tion of fluid, carbohydrate, and salts The time required to prepare a 
solution of sodium bicarbonate for intravenous use precludes its use until 
the patient should be well on the way towards recovery, if large amounts 
of fluid and sodium chloride are given Cunningham and Harrow (13) 
have proposed a solution made by mixing suitable proportions of sodium 
bicarbonate and hydrochloric acid This solution, however, contains 
but 30 m Eq of sodium bicarbonate per liter, an amount too small to 
evoke an adequate effect Hartmann and Senn (14) have proposed using 
normal sodium lactate solution m amounts varied according to the 
estimated needs of the individual This solution provides a means of 
giving an adequate amount of base to combine eventually with CO 2 
However, the solution also is not immediately available because it must 
be given intravenously and, therefore, cannot be made in advance if non- 
specific reactions are to be avoided 

Although it may be desirable to give sodium bicarbonate or a sub- 
stitute, this salt will not furnish all the requirements of the depleted body 
fluids Chloride has been lost in large amounts The administration of 
large amounts of sodium chloride as early in the course of treatment as 
possible IS quite essential in accelerating recovery and should not be 
delayed until a suitable bicarbonate solution can be prepared 

SUMMARY 

The effect, on the recovery from diabetic acidosis, of administering 
varying amounts of fluid, sodium chloride, and sodium bicarbonate, has 
been discussed Treatment with carbohydrate and insulin alone, or with 
the addition of water only is unsatisfactory The giving of sodium 
chloride leads to rapid recovery, even though hyperchloremia develop 
The individual appears to retain chloride in high concentration until the 
base concentration approaches normal Chloride is then excreted in 
excess of base Clinical improvement parallels the restoration of body 
fluid and total ionic concentrations rather than the replacement of 
mdividual 10 ns 
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592 CHANGES AND STABILITY OF BLOOD IN 


LOBAR PNEUMONIA 
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Case II M B Female, aged 37 Type III pneumococcus infection, right 
lower lobe Approximately 18 hours after the initial chill the amount of 
fibrinogen had increased to 0 93 gram, the maximum observed in this patient 
The minimum sedimentation time, however, was not reached until the sixth 
day when the viscosity was greatest, the fibrinogen diminished but the total 
globulin increased slightly During convalescence the amount of fibrinogen 
and globulin decreased, the viscosity diminished and the sedimentation time 
increased until normal values were found on the thirty-ninth day See Figure 1 

Case III A K Male, aged 28 Type III pneumococcus infection, left 
lower lobe In this patient the fibrinogen and total globulin were practically 
normal in amount on the fifth day of illness, yet the sedimentation time was 
short (18 minutes) and the viscosity 2 1 During convalescence, on the 
thirtieth day, both the amount of fibnnogen and total globulin was increased, 
the viscosity decreased and the sedimentation time was nearly normal See 
Table I Observations in this case corroborate the findings of others who 
showed that increase in sedimentation time did not always parallel decrease in 
globulins 

Case JF F F Male, aged 37 Pneumococcus group IV infection, right 
upper and lower lobes The amount of globulin and of fibrinogen was in- 
creased together with an increased viscosity and diminished sedimentation 
time as shown in Table I On the sixty-fourth day, the viscosity and sedimen- 
tation time were normal but the amount of fibrinogen was still increased to 

0 61 gram . 

Case F S S Male, aged 29 Group IV pneumococcus infection, lour 
lobes involved Although the fibrinogen content increased markedly between 





















































